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| TRANSFER OF VASOCONSTRICTION OVER A BIPOLAR 
MEANING DIMENSION 


LOREN E. ACKER AND ALLAN E. EDWARDS 


University of California, Los Angeles Veterans Administration Center, Los Angeles 
Transfer of a salivary response conditioned to the word “good” to 
sentences which appeared to vary in meaning from good to bad has been 
recently reported. This phenomenon was replicated and extended by 
conditioning (24 Ss) vasoconstriction to the words “good” or “bad,” 
testing for transfer on words previously rated by S on the evaluative 
scale of the semantic differential, and either instructing or not instruct- 
ing Ss to covertly evaluate the test words. Transfer of vasoconstriction 
(p «.001) was demonstrated, but the semantic differential ratings 
were not significantly changed by the differential conditioning. It 
was concluded that transfer, as predicted by a mediation model, was 


demonstrated. 


Razran, in a review of current psy- 
chological research in the Soviet 
Union, reported an experiment by 
V. D. Volkova (1953) on the extero- 
ceptive conditioning of one pole of an 
evaluative dimension and the sub- 
sequent transfer of the conditioned 
response to sentences whose meaning 
varied along that dimension. Specifi- 
cally, salivation to the word Goop 
with a differentiation of no salivation 
to the word BAD was established with 
a classical conditioning procedure. 
Subsequent to this conditioning S was 
given what E considered nine good 
sentences, six bad sentences, and one 
neutral sentence interspersed with 
reconditioning and differentiation 
trials. Volkova found that salivation 
occurred to good sentences while little 


or no salivation occurred to bad 
sentences and an intermediate amount 
to the neutral sentence. In a similar 
experiment Volkova (1957) demon- 
strated transfer of salivary and motor 
reflexes over a “correct-mistake” di- 
mension. 

Volkova's experiment using the 
good-bad dimension of meaning needs 
several modifications in order to 
assess this transfer phenomenon more 
adequately: (a) an objective and 
quantitative measure of the goodness 
or badness of the stimulus to which 
the autonomic response may gen- 
eralize; (b) a counterbalancing of the 
conditioned stimuli so that one may 
assess the reliability and generality of 
the phenomenon. 

The present study is designed to 
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make the above modifications. and 
also (a) to use vasoconstriction in- 
stead of salivation, providing a con- 
tinuous recordinp of the response 
measure, (b) to determine the effects 
of experimentally varying instructions 
to S to evaluate subvocally the test 
words on the relevant meaning dimen- 
sion, and (c) to use single words 
instead of sentencesas the test stimuli, 
thus permitting an objective and 
quantitative index of the "goodness" 
or “badness” of these stimuli by the 
good-bad scale of the semantic differ- 
ential (Osgood, Suci, & Tannenbaum, 
1957). 

The good-bad scale from the se- 
mantic differential was utilized not 
only in order to provide an index of 
meaning but also because Volkova's 
results could be interpreted in the 
context of mediation theory, i.c., 
salivation occurred to good sentences 
by means of the mediation provided 
by the meaning common to these 
Sentences and the conditioned stimu- 
lus GooD. In the same manner little 
salivation occurred to bad sentences 
Since there was no meaning common 
to these sentences and the conditioned 
Stimulus. Thus, in the present 
study generalization of vasoconstric- 
tion along a bipolar evaluation dimen- 
sion of meaning will be studied. 


MeTHOD 


Apparatus and Materials 


_ The good-bad scale from 
differential was centered 
3 X Sin, white cards, 


the semantic 
and printed on 


: t At the top of the scale 
and in the middle of each card appeared one 


word to be rated. These words were picked 
from normative data gathered by Jenkins 
Russell, and Suci (1958). There were 75 
words in all, 25 with normative ratings of 
6 or 7 (bad), 25 with normative ratings e 4 
(neutral), and 25 with normative ratings of 
1 or 2 (good). 

Either Goop or Bap, fora 


AS given group, was 
the conditioned stimulus, 3 


and white noise 


lasting 1,000 msec. at 110 db. was the un- 
conditioned stimulus. X program of differ- 
ential conditioning with a CS-UCS interval 
of 500 msee., where the positive CS was 
reinforced 756% of the time, was transcribed 
onto a magnetic tape. A set of Koss car- 
phones was used by S for receiving instruc- 
tions and stimuli from E. 

An Offner dynagraph was employed to 
amplify and record the pneumoplethysmo- 
graphic ac signal from S's left index finger. 


Subjects 

A total of 29 volunteer male patients from 
the gastrointestinal ward of a general medical 
and surgical hospital were used as Ss (none 
of whom had hearing difficulties). Of the 29 
Ss used 5 did not show conditioning and thus 
were dropped from the experiment leaving 2 
total N of 24. 


Procedure 


Each .S was run individually to conclusion 
(about 2 hr.) without interruption. fe 

Phase I.—The S rated the 75 words on t 5 
semantic differential cards. He was Hs 
structed to rate each word on the ipo 
scale under it, not to hesitate making exte 
ratings, leave the card blank if he did " 
understand the meaning of a word, an¢ fo 
rate as neutral any word that caused D 
vacillate between a rating of ba and gooc ^s 

After S had rated all the words he We 
taken into the dynagraph laboratory, place i 
in a supine position, and the plethysmograp: ! 
pickup and earphones were affixed. The 
was left to relax and settle down as E move 
to an adjoining room where the recording an 
programing equipment were located. The 
S's semantic differential cards were sortet 
into four groups of words rated 1, 7, 4, a 
residual. From each of the first three group 
five words were picked at random plus on 
additional filler word that had been rated as 
wort point Ss were alternately assigned 
to one of two groups, an instructed evaluation 
group (Gig) and a noninstructed evaluation 
group (Gnir). 

Phase II.—The S was now told that he 
would hear some words and that he shoul 
lie as still as possible. If S was in Gyrg he 
was told nothing more in this phase. How- 
ever, if S was in Gm he was told to evaluat? 
each word, to himself and not out loud, 2% 
either “good,” “bad,” or "neutral" as soon 
as the word was presented. From the recor 
ing room E operated the dynagraph à" 
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tape recorder and administered the 15 selected 
words in a random order preceded by the 1 
filler word, with an interstimulus interval of 
approximately 15 sec., simultaneously record- 
ing them for further use. The 16 words were 
presented twice in the same order. 

Phase III.—At the conclusion of the 
above, all Ss were instructed that they would 
now hear the words coop and Bap and they 
were to repeat each word as soon as they heard 
it. The words coop and Bap were presented 
four times each in a random order providing 
à base plethvsmographic measure against 
which conditioning could later be measured. 
After these base measures were taken, S was 
told that he would now hear the words coop 
and BAD repeatedly along with some very 
loud noise, At this point the two groups of 
Ss were subdivided again. Two groups 
(Gir-a) and (Gyre-a) were told that a loud 
noise would follow coop most of the time 
but not all of the time and would never follow 
BAD. The two other groups (Grir.n) and 
(Gxig-n) were similarly instructed inter- 
changing coop and BAD. The Ss in all groups 
were told to repeat the word GOOD or BAD as 
soon as they heard it. At this time the 
appropriate prerecorded program of coop and 
BAD plus white noise was presented. The 
program was repeated until E observed four 
consecutive large constrictions, on nonrein- 
forced trials, of the plethysmograph to the 
conditioned stimulus word along with four 
consecutive little, or no, constrictions to the 
differentiated word. 

Phase I V.—The tape made during Phase II 
was played to .S immediately following Phase 
III. The Ss in Gxir-a and Gyre- were 
again told only that they would hear some 
words. The Ss in Gir- and Gre.» were 
again told to rate each word, to themselves, 
as being either good, bad, or neutral. The 
plethysmograph recording was continued. 

After Phase IV, S was taken from the 
laboratory to an adjoining room where he 
rerated the original 75 words on the semantic 


differential cards. 


RESULTS 


A prestimulus measure from the 
plethysmograph was obtained by uti- 
lizing the two systolic spikes just prior 
to stimulus presentation. These two 
spikes were averaged in ternis of their 
height in millimeters from a constant 
diastolic baseline. A poststimulus 
measure from the plethysmograph 


TABLE 1 


MEAN VASOCONSTRICTION | (ul/10 cc) 
BEFORE AND AFTER CONDITIONING 
FOR THREE WORD CATEGORIES 


TM Before After 
Words Conditioning | Conditioning 
Maximal 031 .062 
Intermediate .038 040 
Minimal 040 .027 


Note,—N = 24, 


was obtained by averaging, in milli- 
meters from the constant diastolic 
baseline, the three smallest adjacent 
spikes within 10 sec. after stimulus 
presentation. The difference between 
the pre- and the poststimulus measure 
for a given stimulus yielded a plethys- 
mographic change (PC) score. 

For a given S the PC scores for 
the expected maximal transfer words 
(words previously rated ''good" for 
Gig.a and Gyr. and words rated as 
"bad" for Gris and Guig-5) from 
Phase II were averaged over both 
repetitions given before conditioning, 
and both repetitions given after 
conditioning. In the same manner 
PC scores for intermediate and ex- 
pected minimal transfer words (words 
rated good for Grr_n and Gxix-n and 
words rated bad for Gripe and 
Gyin-c) were averaged over both 
repetitions given before and after 
conditioning. Each S thus provided 
six mean PC scores, one for each of 
the three word categories before 
conditioning and one for each of the 
three word categories after condition- 
ing. The mean PC scores were 
entered into a four-way analysis of 
variance (Lindquist, 1953) with CS 
(GOOD or BAD) and instructions (in- 
structed evaluation or noninstructed 
evaluation) as the between-Ss vari- 
ables, and word categories (expected 
maximal, intermediate, and minimal 
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TABLE 2 
MEAN VASOCONSTRICTION (ul/10 cc) BEFORE AND AFTER CONDITIONING FOR GOOD, 
NEvingAL, AND Bap Worps, Born CONDITIONED STIMULI 
Conditioned Stimulus Conditioned Stimulus 
GOOD RAD 
Words wp E | E 
| Me 
| Before Conditioning | After Conditioning | Before Conditioning | After Conditioning 
EE oaaae P 
Good 040 .070 | (034 O18 
Neutral 037 (7 040 | 033 
Bad | 044 (034 O21 054 


———— Á € 


Note.—N = 24. 


transfer) and before-after conditioning 
as the within-Ss variables. 

The pertinent test involves the 
Word Categories X Before-After in- 
teraction means, F (2,40) = 14.35, 
p < .001, tabulated in Table 1. The 
obtained p demonstrates that condi- 
tioning had an effect upon the rela- 
tionships among the words, and, more 
specifically, Duncan range tests be- 
tween before and after conditioning 
for each of the three word categories 
indicate a significant change only for 
expected maximal transfer words 
(b < .001). Also, the intermediate 
and expected minimal transfer words 
differ from the expected maximal 
transfer words after conditioning, 
(b < .02, p < .001, respectively) but 
do not differ significantly from one 
another before conditioning. 

The main effect of word categories 
is significant, F (2, 40) = 11.08, 
p < .001, but is uninterpretable due 
to the significant Word Categories 
X Before-After interaction effect. 
Instruction, and none of its interac- 
tions, did not approach significance. 

To determine whether using GOOD 
or BAD as a CS affects the transfer 
phenomena, it is necessary to re- 
evaluate the data without collapsing 
the good, neutral, and bad words into 
word categories. In this analysis, 
the Good, Neutral, and Bad Words 
X Before-After x CS interaction 


would be the pertinent point of in- 
terest, F (2,40) = 14.35, p < .001. 
This interaction is shown in Table 2. 

Duncan range (p < .01) tests in- 
dicated that maximal (i.c., good words 
for Gig g and Gyip_c and the bad 
words for Gig.& and Gyin—n) words 
show a significant increase in con- 
striction both for good words and for 
bad words. All other changes do not 
reach significance. Of the before- 
conditioning measures only the bad 
and neutral words when the CS ig BAY 
differ significantly. When the ¢ 5 A 
GOOD, the neutral and bad words 
both differ significantly from the goot 
words after conditioning. When the 
CS is BAD, the analogous case exists. 
In neither case do the minimal and 
intermediate words differ significantly 
from one another. 

A Lindquist Type I analysis of 
variance was performed on the Se- 
mantic differential rating, defining 
the 75 words as good, (1-3), neutral, 
(4), or bad, (5-7), according to S's 
first rating. A given S’s scores were 


his mean changes in these os 
categories, subtracting his seconc 
rating from his first rating. The 


resulting mean changes were entered 
into the analysis of variance with the 
categories, good, neutral, and bad, as 
the within-Ss variable and the condi- 
tioned stimuli of coop and BAD as the 
between-Ss variable. The category 


SEN 


variable was significant (p « .02). 
All other sources failed to reach 
significance, the Category X Stimuli 
interaction having p «.10. The 
category effect reflected good words 
being rated less good and bad words 
being rated less bad on the second 
rating. 


Discussion 


The generalization of vasoconstriction 
along a bipolar evaluative dimension of 
meaning by all four groups of Ss con- 
firms Volkova's research. The concep- 
tion of an evaluative meaning dimension, 
as defined by ratings on the good-bad 
bipolar scale, predicted accurately the 
words to which transfer of a conditioned 
vasoconstriction would or would not 
occur. In the case of Gxrr.c, for ex- 
ample, vasoconstriction conditioned to 
the word coop transfers to a word 
mediated by the "good" meaning of that 
word. The conditioned response does 
not transfer to words rated as neutral 
or bad because these words lack the 
appropriate mediator. The argument is 
analogous in the case of each of the other 
groups. 

In the case of instructed as against 
noninstructed evaluation, a variable 
not considered by Volkova's study, the 
results failed to show any differential 
transfer, i.e., instructed evaluation or 
the lack of it fails to alter the transfer 
of the conditioned response. Perhaps 
the inconsequential effect of E's in- 
structions to subvocally evaluate the 
words could in part be due to all .Ss 
ring a set or habit to evaluate 
as either good, bad, or neutral 
regardless of instructions by having 
rated the 75 words before the test session. 

Branka (1957) has shown that ex- 
pectation of the UCS upon presentation 
of the generalization stimulus was a 
necessary condition for generalization. 
In the present study expectation of the 
white noise upon presentation of- the 
expected maximal transfer words. should 
have had a heightened probability of 
occurrence in Gre-c and Gms. Here 5 


acqui 
all words 
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was actually required to subvocally emit 
the CS. Since, in this study, no in- 
dependent measure of white noise ex- 
pectancy was obtained, Branka's results 
cannot be seriously qualified by the lack 
of differential results between the in- 
structed and noninstructed groups. 
Making available, or blocking, the 
mediators necessary for semantic gen- 
eralization has been shown by Hartman 
(1963), and Lovibond (1959), under 
quite dissimilar experimental conditions 
to be inconsequential to subsequent 
generalization. This is in agreement 
with the results of the present study if 
one interprets the manipulation of aware- 
ness by instructions as à manipulation of 
the availability of the mediator necessary 
for the generalization of the vasocon- 
striction response. , 
The changes noted for the semantic 
differential ratings are difficult to inter- 
pret. Possibly a regression effect ac- 
counts in part for the tendency for good 
words to be rated less good and bad 
words to be rated less bad on the second 
ratings. It had been thought that per- 
haps the pairing of the noxious white 
noise with GOOD or BAD in the condition- 
ing phase would differentially affect 
subsequent semantic differential ratings 
when compared to ratings made prior 
to the conditioning experience. The 
lack of any significant interaction be- 
tween changes in ratings and the con- 
ditioned stimulus utilized does not bear 


this out. 
As seen in Tables 1 and 2 there is a 


parallelism between good and neutral 
words, in terms of before- and after- 
conditioning scores, regardless of which 
CS was used. Although the neutral 
words never show significant transfer 
when the good words do, the parallelism 
warrants further study as an indicant 
of a possible semantic predisposition to 
categorize neutrality as good when the 
only alternative is bad. 

A similar replication of Volkova’s 
(1957) study of transfer over a correct- 
mistake dimension of meaning is sug- 
gested. Such a replication, with ap- 
propriate controls and objectification, 
could greatly enhance the generality of 


the transfer phenomenon of autonomic 
responses over dimensions of meaning. 
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GEOMETRIC AND ARITHMETIC MEANS AS INDEXES OF 
UCS INTENSITY WITH VARIABLE REINFORCEMENT ! 


GEORGE E. PASSEY asp FRANCIS SEKYRA 


University of Alabama 


7 groups of 15 Ss each acquired conditioned eyelid responses to a 1,024- 


cps tonal stimulus 40 db. above threshold. 
reinforcement with distributions generating arithmeti 
5.5, 4.5, and 3.6 psi, respectively. 4 control 


psi and geometric means of 5 


3 groups were given varied 
c means of 6.5 


groups received constant reinforcement at 6.5, 5.5, 4.5, or 3.6 psi. 70 


acquisition 


and 20 extinction trials were given. 


Zach variable group 


performed similarly to the constant group reinforced at the geometric 


mean intensity of the variable group rather than the constant group 
reinforced at the arithmetic mean intensity of the variable group. 
Geometric rather than arithmetic mean intensity is the best representa- 
tive stimulus value for variable reinforcement series. Groups having 


differe 


Variation in the magnitude of rein- 
forcement was shown by Passey and 
Burns (1962) to be a determiner of 
acquisition rate for the conditioned 
eyelid response. Two variable in- 
tensity groups were compared with a 
constant intensity group under 100% 
reinforcement with the arithmetic 
mean intensity of the puffs constant 
for all groups. With increasing varia- 
bility of the intensity of the reinforc- 
ing air puffs, performance in acquisi- 
tion declined. Passey and Wood 
(1963) confirmed this finding. Arith- 
metic mean intensity of the air puff 
was held constant for each of the 
variable groups, though as variability 
was increased there was a decline in 
geometric mean. 

Lower performance might have 
been a function of the increasing 


riability or of declining geometric 
e two were con- 


f Helson (1959) 
in performance 
line in geometric 


va 
mean or both since th 
founded. The work o 
suggests that decline 
might accompany dec 

1 This investigation was supported in part 
by Public Health Service Research Grant 
MH07390-01 from the National Institute of 
Mental Health and by the Research Com- 
mittee of the University of Alabama. 


nces equal to or in excess of 2 psi yielded performance differences. 


mean rather than stimulus variability 
per se. In a preliminary study 
(Passey & Sekyra, 1963) a variable 
reinforcement group was compared 
with two constant reinforcement 
groups, one at its arithmetic and one 
atits geometric mean. The curve of 
acquisition for the variable group 
was not different from that for the 
constant group at its geometric mean, 
but both of these groups differed from 
the constant group at the arithmetic 
mean. The present experiment was 
carried out to assess the generality of 


this finding. 


METHOD 


Seven groups of 15 Ss each acquired con- 
ditioned eyelid responses to a 1,024-cps tone 
40 db. above threshold, which served as CS. 
The UCS was an oxygen puff delivered to the 
cornea of the right eye through an aperture 
ds in. in diameter, located approximately 2 in. 
horizontally from S's eye. The intensity of 
the air puff was measured at the point of 
delivery. A summary of the intensities of air 
puff used for each reinforcement group ap- 
pears in Table 1. The duration of the CS was 
700 msec., and the UCS was delivered during 
the terminal 50 msec. of CS presentation. All 
variable UCS schedules were presented in 
random sequence. The intertrial interval fol- 
lowed a variable sequence with a median 
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TABLE 1 


Composition OF UCS SCHEDULES ror 
EXPERIMENTAL GROUPS 


Air Puff | Number of i TEN 
Group, intensity | ^ Presen- | sat ua M M 
(psi) tations | em 
70 | 65 | 68 
"5 | 
14 
14 | 6.5 5.5 
14 | | 
13 
He | 
3 5.5 70 | 55 | 5.5 
n TM | 
4.5 14] 
i 6.9 MH | 65 | as 
9.3 i4 | 
11 | M | 
ja -— P 
5 45 | 70 4.5 | L5 
$ 22 | | 
6 6.9 | 32 6.5 3.6 
11.1 26 | 
7 3.6 7 | 36 | 3.6 


intertrial interval of 19 sec., and a range of 12 
-26 sec. The apparatus has been described 
by Passey and Wood (1963). 

'The Ss were recruited from introductory 
psychology classes and participated as part 
of the course requirement. Assignment of Ss 
to the experimental groups was random 
with the restriction that sex distribution be 
equalized. Eight males and seven females 
were utilized in each group. Of the 119 Ss 
recruited, 11 were rejected as sensitized re- 
sponders, 1 as a voluntary responder, and 
2 for apparatus failures. Criteria for rejection 
of sensitized and voluntary responders were 
those employed by Passey and Sekyra (1963). 

The steps in stimulation were as follow 
(a) Each S was instructed that the investiga- 
tion concerned eyelid conditioning. He was 
asked to relax as much as possible and to 
make no attempt to control the movement of 
his eyelids. He was told that the experiment 
would last for about 30 min. and asked to 
look at an illuminated milk-glass screen 
directly ahead at a distance of 6 ft. for the 
duration of the session. (b) An auditory 
threshold was established by the method of 
limits and the CS intensity control was set. 
(c) The response recorder was attached to the 
eyelid by means of a strip of adhesive tape, 
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the air conditioner was started, and left the 
room. (d) The S was then stimulated; four 
times with CS alone; three times with UCS 
alone; and three times again with CS alone. 
(e) Seventy paired CS-UCS presentations and 
an extinction series of 20 CS presentations 
were given. (f) Upon termination of the 
stimulation series, S was interrogated so as to 
discover whether any extraneous cues had 
influenced his behavior. 


RESULTS AND DISCUSSION 


The record of each S was analyzed 
by counting the number of anticipa- 
tory responses during 70 acquisition 
trials and the number of responses 
during 20 extinction trials, The 
acquisition data are plotted for blocks 
of 10 trials for the various exper! 
mental treatments in Fig. 1. 

The test for differential effects of 
the reinforcement condition yieldec 
an F(6,98) = 3.24 (p < .01). The 
hypothesis of no difference in number 
of anticipatory responses between 
reinforcement conditions was rejected ] 
therefore, differential numbers of an- 
ticipatory responses accompanied dif- 
ferent reinforcement conditions. 

The test of trend over successive 
trials yielded an F (69, 6762) = 12.24 
(p < .001), and it was concluded that 
learning did occur. 

Differences in trend produced by 
patterns of reinforcement yielded an 
F (414, 6762) = 1.02 (p < .001). The 


TABLE 2 


VALUE OF ¢ ALLOWING COMPARISONS 
BETWEEN PAIRS OF GROUPS 
FOR ACQUISITION 


Group 1 | 2 | 3 4 5 d. 5 
2 .87 

3 1.28 | ERI 

4 2.34* 1.89 | 1.82 

5 21 1.66 | 1.50 | .00 

6 3.04** | 2.76*| 2.72*| 1.13 | 1.03 32 
7 2.74* 2.38*| 2.33*| .77| .70| + 

e 

“peuk 

**p < .0l. 
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ES OF UCS INTENSITY IN CONDITIONING 9 


9.0 


8.0 


7.0 


6.0 


50 


MEAN NUMBER OF ANTICIPATORY RESPONSES 
> 
o 


ge 
o 


CONSTANT 5.5 PSI 

CONSTANT 4.5 PSI 

20 —o— CONSTANT 3.6 PSI 
--O-- VARIABLE 6.5 PSI-AM; 5.5 PSI=GM 
--4-- VARIABLE 6.5 PSI=AM; 4.5 PSI=GM 


o i 2 3 


CONSTANT 


VARIABLE 6.5 PSI=AM; 3.6 PSI=GM 


6.5 PSI 


4 5 6 7 


SUCCESSIVE BLOCKS CF TEN ACQUISITION TRIALS 


Fic. 1. 


hypothesis of identical trends was 
rejected, and it was concluded that 
the different patterns of reinforcement 
produced acquisition curves of dif- 
ferent form. . 

Comparisons of each pair of experi- 
mental groups for acquisition are re- 


Mean number of anticipatory responses for blocks of 10 trials. 


ported in Table 2. Comparisons 
between average number of antici- 
patory responses produced by each 
experimental treatment during ac- 
quisition yielded significant differ- 
ences between all UCS groups where 
geometric mean intensities differed by 
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2 or more psi. A variable group 
tended to follow the course of acquisi- 
tion of the constant group at its 
geometric mean intensity rather than 
at its arithmetic mean intensity. 

Passey and Burns (1962) and Pas- 
sey and Wood (1963) reported com- 
parisons of variable reinforcement 
groups with constant groups at the 
arithmetic mean intensity for the 
variable groups. They attributed 
lower levels of performance to in- 
creasing variability. The present 
findings bring that interpretation into 
question and it appears that the 
effective stimulus intensity value for 
a variable series is its geometric rather 
than its arithmetic mean. This find- 
ing is in accord with the argument of 
Helson (1959) who holds that the best 
representative value of a series of 
stimuli is the geometric rather than 
the arithmetic mean. 

'The data for tlie extinction series 
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were analyzed in the same manner as 
those for acquisition. An I (6, 98) 
= 1.87 (p> .05) was obtained be- 
tween the experimental treatments. 
It was concluded that the experi- 
mental treatments failed to produce 
differential effects during extinction. 
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HABITUATION OF THE VASOCONSTRICTIVE 
ORIENTING REACTION 


SANFORD M. UNGER 


National Institute of Mental Health, Bethesda, Maryland 


Habituation of the vasoconstrictive orienting reaction was explored via 
an experimental paradigm in which acoustically novel stimulation char- 
acterized each successive trial: namely, numbers presented seriatim. 
12 of 20 human Ss reached a habituation criterion of 3 successive non- 
reactions to successive numbers—followed by the immediate reinduction 
of vasoconstriction upon presentation of an out-of-sequence number. 
This phenomenon was designated selective habituation to distinguish 
it from the often found stimulus specificity in the habituation process. 
Certain of the experimental phenomena encountered, bearing on the use 
of photoelectric plethysmography as a research technique, were briefly 
noted, and some implications of selective habituation for present theor- 
izing about habituation-mediating brain processes, with special reference 
to Sokolov's neuronal model, were suggested. 


Habituation—that is, response dec- 
rement or cessation following repeated 
inconsequential stimulus presenta- 
tions—is apparently a phylogeneti- 
cally ubiquitous phenomenon (Her- 
nandez-Peon & Brust-Carmona, 1961; 
Thorpe, 1956). In one form or 
another, it has been measured or 
observed from the sea anemone to 
man; in higher species, from receptor- 
cell activity (Livingston, 1959) to 
molar behavior (Hinde, 1954). Obvi- 
ously, as with the more general term 
"learning," habituation encompasses 
a varied range of organismic plastici- 
ties (Razran, 1961a). While the kinds 
and contexts of occurrence of habitua- 
tion phenomena are hardly fully 
it is clear that nervous 
as differing greatly 
xity are involved 
(Sharpless & 


charted, 
processes and systen 
in kind and comple 
in their mediation 
asper, 1956). 
i in the present study, the to-be- 
habituated response was finger blood 
vessel constriction. Finger vasocon- 


striction, figuring prominently in 
primarily Russian investigations of 
used 


recent date, has been frequently 
as a component indicator response 
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for the constellation of co-occurring 
changes (circulatory, sense organ, 
skeletal muscle, EEG, cardiac, res- 
piratory, galvanic skin, etc.) grouped 
together and identifed as the gen- 
eralized “orienting reaction” (Berlyne, 
1960; Razran, 1961b ; Sokolov, 1960). 

In orienting reaction and other 
contexts, experimental habituation 
demonstrations have followed a rela- 
tively uniform pattern. A given 
stimulus display has been repetiti- 
ously presented without reinforce- 
ment, with the eventual result being 
a decrement or cessation of a moni- 
tored response. Subsequent stimulus 
presentation departing only very 
slightly, in any parameter, from the 
experimentally habituated stimulation 
has then been found to effect dis- 
habituation—to be marked by the 
reinduction, with initial magnitude 
or amplitude, of whatever response. 
Sharpless and Jasper (1956), in under- 
scoring this point, entitled it "stimulus 
specificity" in the habituation of EEG 
“arousal’’—a finding which has been 
amply confirmed (John, 1961; Morrell, 
1961). Studies dealing with com- 
ponents of the orienting reaction 
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other than. EEG arousal have also 
emphasized stimulus specificity and 
the immediate reinstatement of previ- 
ously habituated orienting responses 
upon "intensification, weakening, or 
modification in any other way of any 
kind of stimulation [Berlyne, 1960, 
p. 81] 

The present procedure — represent- 
ing a departure from the standard 
paradigm—was intended to provide 
an opportunity for habituation on a 
basis other than specificity—that is, 
other than after repetition of a 
physically identical stimulus on suc- 
cessive trials. Rather, each successive 
trial was marked by physically novel, 
though hardly random, stimulation. 
Numbers were presented seriatim: 
1, 2, 3, 4, etc. In the context of such 
a stimulus array, presumably familiar 
and overlearned in Ss’ pre-experi- 
mental experiences, it was supposed 
that forthcoming elements in the 
Sequence would soon be anticipatorily 
primed or triggered (see Birch & 
Bitterman, 1949; or Osgood's, 1957, 
discussion of “predictive integra- 
tion"). The immediate experimental 
question was whether or not response 
decrement or cessation selectively 
restricted to the number next in 
sequence—that is, to the presumably 
expected number—would take place. 
Such an outcome would reflect the 
occurrence of habituation to stimulus 
presentations distinctly not specific 
or physically identical with earlier 
trials—in fact, to experimentally uni- 
que stimulation.! 

The relevance of the present para- 
digm was not thought to be limited 

1 Generalized habituation to whole classes 
of stimuli, for example, to words, has been 
reported to occur (Luria & Vinogradova, 
1959). This order of consideration, not 
further addressed here, represents a dimension 
of possible complexity in habituation proc- 


esses even beyond that explored via the 
present paradigm. 


to human organisms or to Dbe depend- 
‘second signal system" level 
In principle at least, the 


ent on i 
of control. l 
procedure was conceived as prototypic 
of any situation which contains suc- 
cessively different but regularly en- 
countered or sequentially ordered, 
hence, familiar or expected, stimulus 
elements. Examples might be loco- 
motion of an organism through à 
thoroughly familiar environment, Or 
observation of the ritualized move- 
ments of an / preparing the apparatus 
prior to the one-hundredth trial? 


METHOD 


Subjects —Fourteen men and 6 women, 
ranging in age from 17-31 yr., (median, 21) 
served as Ss. ha 

Experimental setting and apparatus.—The 
Ss were studied singly in a soundproof room. 
The Æ monitored the recording apparatus 
outside the room and transmitted stimuli d 
S via a microphone and earphones. Changes 
in finger blood volume were detected photo- 
electrically, with an adjustable “finger-ring 
unit containing its own light source ant 
photocell? Variations in the amount of light 
sing through the finger, due to changes in 
e of blood vessels, were reflected on & 
thermal-pen Sanborn recorder. 

Procedure.—Vrior to the experimental 
session itself, Ss had been informed only that 
the study involved physiological measures; 
and that electric shock would not be em- 
ployed, 

At the time of testing, each S was seated 
comfortably in the soundproof room with the 
right forearm and hand supported at about 
heart level. A brief explanation of the 
“tinger-ring" plethysmograph was given to 3. 
and the ring was set in place on the supported 


* Note that the careful E, by not altering 
his preparation pattern from that of previous 
trials, succeeds in not upsetting or alarming 
the “habituated” animal. : i 

? This plethysmographic unit was designe 
and built by John A. Cooley, Technical De- 
velopment Staff, Laboratory of Psychology: 
National Institute of Mental Health. Similar 
Photoelectric devices are now commercially 
available from the Lafayette Instrumen 
Company. For review of earlier methodology 
in the investigation of peripheral circulation, 
see Ackner (1956). 
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limb. ‘The 5 was informed that the finger 
reaction revealed a number of physiological 
events, and that the purpose of the experi- 
ment was to investigate the kind of reactions 
elicited in a thoroughly relaxed person by 
sound stimuli. The task for the experiment, 
it was emphasized, was to remain as relaxed 
as possible, without moving, and with eyes 
closed throughout the entire on. When 
it was ensured that S fully understood the 
task, earphones were set in place and E left 
the room to take up his station at the record- 
ing apparatus and begin the experiment 
proper. 

The E transmitted stimuli in normal con- 
versational tone and level while continuously 
monitoring the blood volume record. Be- 
ginning with 1, numbers were presented 
seriatim at intervals ranging usually from 


about 5-25 sec., with the intention not to 
ls were 


present a number when blood vess 
already, or still, constricted. ] . 

Seriatim presentations continued until the 
experiment was terminated, either with the 
conclusion that S was unsuitable for the 
purpose of the experiment or until at least 
three successive presentations (e.g., 14, 15, 16) 
failed to induce vasoconstrictive reactions. 
When this criterion of habituation was met, 
an out-of-sequence number was presented 
(e.g., 14, 15, 16, 15; or 25, 26, 27, 29; ete.). 
Subsequent to the out-of-s quence stimulus, 
seriatim presentations were resumed until 
either the experiment terminated or until 
the criterion of at least three successive non- 
reactions was again met; at which point, 
another out-of-sequence number was ad- 
ministered. Then, the session was terminated 
or the procedure was maintained through 
additional repetitions. 


RESULTS 


Generally speaking, both intra- and 
interindividual variability in vaso- 
constrictive responsiveness was strik- 
ing, and will be briefly described 
below. Notwithstanding, 12 of the 20 
Ss manifested reaction patterns in- 
dicating that habituation had oc- 
curred selectively; that is, three or 
more successive seriatim presenta- 
tions, though experimentally novel, 
resulted in “no reaction,” followed by 
a clear vasoconstrictive orienting re- 
action upon the introduction of an 


out-of-sequence number. Some ex- 
amples are shown in Fig. 1. 

The eight Ss in whom habituation 
was not demonstrated were essentially 
unsuitable for testing—for either of 
two reasons. One group (five Ss) 
was vasoconstrictively unreactive 
throughout the course of the session; 
i.e., from the time of application of the 
first stimulus until the experiment was 
terminated, the record represented an 
unchanging, unwavering "baseline." 
It is not known whether these Ss are 
analogous to ‘‘no alpha" EEG Ss, or 
the observed nonreactivity was an 
artifact of the particular measurement 
procedure or experimental situation. 
A second group of three Ss was vaso- 
constrictively hyperreactive, i.e., they 
showed no steady baseline; the finger 
blood vessels were apparently in a 
state of continuous change, quite 
independent of external stimulus pres- 
entations. For these latter Ss, it 
was impossible to correlate applied 
stimulation with vasoconstrictions. 
Samples of record sections for these 
unsuitable Ss are shown in Fig. 2. 

Certain other of the experimental 
phenomena encountered may be noted 
in passing, with special reference to 
variability in  vasoconstrictive re- 
activity. First, for suitable Ss, the 
number of trials required to reach the 
first habituation criterion of three 
successive nonreactions ranged from 
9 to 36 with a median of 18. How- 
ever, single nonreactions often oc- 
curred as early as the second, third, or 
fourth presentation. Sometimes the 
criterion of habituation was reached 
gradually, after a progressive diminu- 
tion in size of constrictions ; sometimes 
the onset was sudden, with successive 
nonreactions following immediately 
on maximal appearing constrictions. 
On resuming seriatim presentations 
subsequent to the introduction of an 
out-of-sequence number, reaction pat- 
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(Fig. 1 continued on next page.) 


OF VASOCONSTRICTION 


HABITUATION 


Fic. 1. Examples of selective habituation. (Paper speed for all records is 2.5 mm/sec; 
major vertical divisions represent 2 sec.; downward deflection indicates vasoconstriction 
Each record section is from a different S, showing vasoconstrictive reaction to the presentation 
of an out-of-sequence number after at least three successive nonreactions to seriatim pre- 


sentations.) 


2c. Hyperreactive S with stimulus-uncorrelated constrictions. 


Fic. 2. Examples of “unsuitability.” 
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3a. Typical reactions at initiation of 


ated t 


hree times. 


3d. Nonreacti 


86. “Pa 


Fic, 3, 


Examples of variability, 


iradoxical" delayed reaction to out-of-sequence no. 72, 
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terns were again highly variable. In 
some Ss, selective habituation was 
reinstituted without difficulty, re- 
quiring fewer trials than for initial 
habituation, in others, more trials 
than initially were required ; in two Ss, 
three successive nonreactions never 
again occurred. In two others, total 
or generalized habituation took place ; 
an out-of-sequence presentation no 
longer dishabituated an essentially un- 
changing nonresponsiveness. Lastly, 
on occasion, a paradoxical phenom- 
enon was observed ; namely, a sort of 
delayed dishabituation. Figure 3 
contains a sampling of these events 


or reaction patterns. 


DISCUSSION 


'To account for the phenomena both of 
habituation of the orienting reaction and 
dishabituation, in the experimental situa- 
tions in which they heretofore have been 
observed, Sokolov (1960) has postulated 
that "a kind of neuronal model _ is 
elaborated in the cortex, preserving 
information about the intensity, the 
quality, the duration, and other pa- 
rameters of some repeated stimulus 
(p. 205). The development of such a 
neuronal model, he has further. hy- 
pothesized, is attended by inhibitory 
corticifugal discharge to the brain stem, 
blocking EEG arousal and other orient- 
ing components usually triggered by 
collateral inputs to the reticular forma- 
tion. Subsequent stimulus presentations 
which are accordant or coincident with 
the model are “filtered,” and habituation 
however, any discordant 


is maintained ; 1 
dis- 


stimulus presentation results in 
habituating corticoreticular signals and 
attendant reinduction of orienting re- 
activity. Thus, the dishabituation of the 


orienting reaction is considered to be a 
consequence not of “novel stimulation 


alone but of “impulses arising as a result 
of noncoincidence between a certain 
cortical pattern (the model) and the 
applied stimulation [Sokolov, 1960, p. 
205]." (Cf. Magoun, 1961.) 


The findings of the present study may 
be taken as tentatively demonstrating, 
at least for human organisms, that 
selective habituation to experimentally 
| but presumably expected stimulus 
presentations is a phenomenon to be 
reckoned with. If indeed a “filtering 
model” of the type described by Sokolov 
mediates habituation, then under circum- 
stances such as pertained in the present 
experiment, the "model" must be cap- 
able of successively and appropriately 
changing from trial to trial, of virtually 
reconstituting itself after each succeeding 
stimulus, to reflect a repeated pre- 
experimental experience of sequential 
order, of what follows what, in the 
stimulus world. 

Needless to say, though selective 
habituation would appear to make good 
sense from a biological standpoint, the 
extent of its generality as a phenomenon 
remains an open question—one, however, 
that does appear eminently approachable 
experimentally. 


novi 
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DOES RECODING FROM BINARY TO OCTAL IMPROVE 


THE PERCEPTION OF 


E 


n 


BINARY PATTERNS?! 


T. KLEMMER 


Bell Telephone Laboratories, Incorporated, Murray Hill, New Jersey 


4 Ss were trained to report a tachistoscopically flashed binary pattern 
in terms of octal digits. The patterns were formed on 21 small light 


bulbs arranged in 7 groups of 3 each along a straight line. 


Little or no 


improvement in performance was produced by training Ss in binary-to- 
octal recoding even after considerable practice. 


G. A. Miller (1956) in his paper on 
“The Magical Number Seven” cites 
an experiment by Sidney Smith in 
which the memory span for binary 
digits was increased from 12 to 40 by 
having S learn to recode the digits 
into octal and higher order codes. 


The present experiment seeks to 
determine if a similar improvement 


can be demonstrated in the perception 
of binary dot patterns. 


METHOD 


Apparatus: —The apparatus was apay 
proved version of that described ina prerio 
paper (Klemmer, 1963). Le ee ene n. 
incandescent light bulbs were inue Na 
visual perimeter 10 ft. in radius. E he RES 
were arranged in seven groups of three 


8 ith “3° n bulbs within groups 
Heb Pes dus bulbs of adjacent 


a 3 seen the end 1 
ide Ec overall visual ange t 
124°. The center bulb Yas oa seth 
rg i xi ae | sckground had 
bist] Kx boe itc. which 
an ent brightr . en 
made the positions of the bulbs clearly visible 
before and after the tachistoscopic oe 

Stimuli.—Ihe stimulus petto vie ia 
Stimulus cues were preprograme| 2 el 
cards, These cards were fed into + S 
device which set up the patterns 4 


als and preliminary 
the International 


arch Center. 
timulus cards and 


1 The experimental tri 
analysis were done at 
susine Machines eg 

irrell prepared the $7 T 
pupae iue the data collection. N. pena 
wrote the computer program. ratefully 
tributions. to this study “e 8 


acknowledged. 19 


cally. The stimulus patterns and sequence 
of patterns were completely random so that 
each of the eight possible three-bulb patterns 
(including no-bulbs-lighted) was equally 
likely to appear in each of the seven groups 
and independent of the patterns appearing in 
the other six groups. 

, Common procedure.—The S fixated the 
middle bulb of the center group and pressed 
à button which triggered the .1-sec. flash of 
the pattern. One-half second later, on those 
trials using a poststimulus cue, one group of 
three bulbs came on dimly. This group, 
chosen at random without regard to the 
stimulus pattern, cued S to report on the 
stimulus pattern which appeared on those 
three bulbs only. On trials in which a 
poststimulus cue was not used, S was re- 
quired to report the entire pattern immedi- 
ately after the stimulus flash. 

The S's response in all conditions was 
verbal. For the binary report conditions 
he said “one” for on and “oh” for off. For 
the octal coding conditions the usual transla- 
tion between binary and octal numbers, 
0 through 7, was used. If more than one 
number was required in the response, S was 
instructed to report the pattern from left 
to right. The responses were recorded by E 
and scored immediately by reillumination of 
the stimulus pattern. The S thus had im- 
mediate knowledge of results after each trial 
from seeing the stimulus pattern for several 
seconds. 

The Ss were normally given one session 
per day. Each session consisted of either 126 
stimuli for the cued conditions or 48 stimuli 
for the full-report conditions according to the 
schedule siven below. The sessions lasted 
about 40 ain. 

Subjects —Four paid college students served 
as Ss. All were determined to have normal 
vision on an orthorater test. All Ss had 
previously served in an experiment on the 
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and 48 stimulus presentations per S for the full-response condition.) 


same apparatus but without grouping of 
stimulus bulbs and with cuing by single bulbs 
only for a 1-bit response. 

Sequence of experimental conditions —The 
first sessions utilized the poststimulus cuing 
procedure which eliminates most of the 
response interference present when full report 
is required. The cuing technique also permits 
the entire response to be made a very brief 
time after stimulus presentation, thus keeping 
to a minimum any reduction in performance 
which is closely correlated. with the passage 
of time. In this way the cuing method 
reduces or eliminates some effects which 
involve the memory and read-out of in- 
formation and therefore is a better measure 
of the information initially perceived. 

The general plan was to (a) provide 
enough practice with the binary reporting 
procedure to establish a reasonably stable 
level of performance; (b) teach recoding to 
octal and see if there was an acceleration or 
jump in performance immediately or with 
additional practice; (c) require a full response 
in octal digits and see if the performance 
difference between cued response and full 
report was reduced with continued training 
on both. This last question is relevant to the 
hypothesis (Klemmer, 1961) that with 
efficient recoding the human can transmit 
(i.e., put out in the response) all of the in- 


formation he perceives as sampled by the 
poststimulus cue. The order of conditions 
and number of sessions under each may be 
read from Fig. 1. "The training in binary to 
octal conversion occurred between Sessions 
11 and 12 during a separate session using 
flash cards. 

In addition to the above sessions, four 
different Ss, not trained in octal, were run 
under the requirement of full read-out with 
the binary response. Since these additional 
Ss were not matched in skill and training 
with the original Ss, the differences in per- 
formance must be interpreted with caution. 


RESULTS 


The average performance of all Ss 
on each session is given in Fig. 1 in 
terms of percentage of three-bulb 
groups correctly reported. All seven 
groups are equally weighted in this 
average since the poststimulus cue 
sampled uniformly over the entire 
field and the full-response condition 
sampled the entire field in each trial. 
Note that chance level for the 3-bit 
group is (3)* or 12.5% correct. 
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From Fig. 1 it can be seen that the 
introduction of the octal-coded re- 
sponse on Session 12 produced little 
or no change in performance. Per- 
formance on Sessions 12-20 is a 
reasonable extension of the first 11 
sessions. When the full 7-digit octal 
response was required on Session 21 
performance dropped markedly but 
climbed up to a fairly stable value in 
a few sessions. Extended training on 
both the cued and full-response condi- 
tions through Session 55 failed to 
produce further improvement in either 
condition and thus no change oc- 
curred in the difference between them. 
The full report remains 5% below the 
cued response condition. Considering 
the last 10 sessions under each condi- 
tion, the standard error of the mean 
percentage correct is considerably less 
than 1% for each condition based on 
the day-to-day fluctuations in the 
mean performance of the four Ss. 
Thus, the difference between condi- 
tions is highly reliable. 

A line is drawn on the right-hand 
side of Fig. 1 to indicate the average 
performance of the four additional 
Ss who ran four sessions under the 
condition of full response with binary 
code (all 21 bits). These Ss with 
considerably less training than the 
original four Ss were only 5% below 
the full-response octal code condition. 


DiscusstoN 


There is no escaping the fact. that the 
findings of this study are negative. Ex- 
tended training in binary to octal recod- 
ing did not produce measurable improve- 


ment in the perception ofjbriefly exposed 
binary patterns even though the stimulus 
dots were conveniently grouped by 
threes. 7 

It was not possible to run a control 
group of Ss through an equivalent 
amount of training using the binary 
response only. Indeed, it would be 
questionable as to whether such a control 
group could be prevented from develop- 
ing personal codes over the weeks of 
practice involved. The fact that four 
different Ss with less total training, who 
used the binary code only, came within 
5% of the performance of the octal- 
trained Ss after 44 sessions of practice on 
the octal code, also discourages any 
attempt to pinpoint the difference be- 
tween direct-binary and octal-recoded 
responses. 

There is an obvious hypothesis about 
the negative results of the present study 
and the gains due to binary-to-octal 
recoding previously reported. lt is that 
recoding of the type studied here takes 
more time than is available in the image 
resulting from a tachistoscopic flash. 
Another way of stating this is that 
recoding may aid the memory (storage) 
of information which is available long 
enough to be recoded but does not aid 
the momentary perception of such in- 
formation. This, of course, is too broad 
a conclusion to draw from any one study. 
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LIGHT INTENSITY AND BINOCULAR RIVALRY ! 
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A luminous bar was presented to each eye so that the 
to cross in the center of the binocular field. 
intersection, where each bar seemed 
Raising the illumination of both 


other, 
rate to a level that held constant 
declined when the light became 
nated equally, one S reported the 
time; another S reported the 
tion of 1 bar increased the di 
creased steeply 
finally declined when the bar beca 


retinal locations. 


Each eye of a person recej 
own image of the scene be 
Although the two 
differ slightly, they coalesce into a 
unitary visual perception. This proc- 
ess is called binocular fusion. If very 
different patterns are presented to 
each eye, however, conflict results as 
the two views compete for attention. 
This condition is known as binocular, 
or retinal, rivalry. 

Breese (1899, 1909) induced rivalry 
by showing a red square to one eye 
and a green square to the other. The 
S saw a single square that changed 
Írom red to green and back again. 
The colors alternated slowly in dim 
illumination, more rapidly when the 
light was bright. When one field was 
brighter than the other, its color was 
seen a greater part of time. Size and 
retinal location were among the other 
variables that influenced the results. 

The present experiment re-exam- 
ined the effects of intensity on binocu- 
lar rivalry, using different stimuli and 
more light levels than Breese. A 


1 This research was supported by a research 
grant (M-5364) from the National Institute 
of Mental Health, Public Health Service. 
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2 bars appeared 
Rivalry occurred at the 
alternately before or behind the 
bars increased their alternation 


at higher brightnesses, until the rate 
very intense. 
right bar dominant more than half the 
left bar dominant. 
iration that it pre 
at low intensities, leveled off at higher intensities, and 
ime glaringly bright, 
2 bright bars, S reported rivalry. between their 
demonstrates that rivalry can occur when the 


With both bars illumi- 


Raising the illumina- 
led. Prevalence in- 


After viewing 
afterimages, which 
stimuli occupy fixed 


luminous bar was presented to sun 
; e 
eye so that rivalry ensued where th 


bars appeared to cross: one bar 
seemed alternately before or behint 
the other.  Alternation rate was 


measured over a range of intensities 
equal for both eyes. In addition, the 
duration that one bar predominated 
was determined at various intensities 
of that bar, while the brightness of the 
other bar was constant. 


METHOD 


The S looked through two 2-mm. artificial 
pupils at an opal glass screen 30,5 cm. from 
his eyes. He maintained his position with the 
aid of a bite bar. Mirrors and lenses focused 
two images of a ribbon filament (6 v., 18 
amp.) on the screen. A template on the 
front of the screen formed the patterns shown 
in Fig. 1a, which were divided by a partition 
into two monocular fields. Wratten neutral 
filters in the two light paths behind the opal 
glass varied the illumination of each field 
independently. Each eye was shown a white 
diagonal bar between two white squares on a 
black ground. The left bar was tilted 45? 
to the left, the right bar 45? to the right. 
In the center of each bar was a black dot, 
which .S fixated. The squares helped in 
achieving binocular combination of the two 
fields. 

When the dots and squares were binocu- 
larly fused, the two bars formed an “X” with 
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rivalry at the intersection. Only one bar 
appeared complete at any given moment. 
Usually one bar seemed in front of the other, 
but sometimes the recessive bar was half or 
wholly missing. Two stages in the rivalry 
cycle are illustrated in Fig. Ib: the left bar 
predominates in the left figure, and the right 
bar is dominant in the right one. When the 
left bar prevailed, S pressed a key at his left 
hand. He pressed another key with his right 
hand to indicate right-bar prevalence. A pen 
recorder marked the duration of each response 
on a moving paper tape. After adapting to 
each light level, S responded for 1 min. 
RESULTS 

A cycle in binocular rivalry consists 

of a left-dominant phase and a right- 
. 7 , h 

dominant phase. The S's behavior 
can be described by two measures: 
number of cycles per minute and 
percentage of time that one field 
prevails over the other. Each point 
in the following graphs is based on the 
average of two 1-min. records. Light 
intensity is expressed as retinal illumi- 


onocular stimulus patterns 
hown in degrees of visual 
hite on a black 
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Fic. 2. Alternation rate as a function of 
retinal illumination, which was equal for both 
eyes. (Each curve was obtained from a 


different S.) 


nation in logi trolands. Trolands 
equal 2.5 X luminance in millilam- 
berts X square of the pupil diameter 
in millimeters. 

Alternation rate.—The effect of in- 
tensity upon alternation rate varied 
from one S to another. Results for 
three Ss are presented in Fig. 2. 
Cycles per minute is plotted against 
log trolands, which was equal for both 
monocular fields. The curves begin 
at the lowest intensity where fusion 
could be maintained, which was 
different for each S. IK’s rate showed 
the greatest increase, rising from 7 
cpm at —1 log troland to a maximum 
of 33 cpm at 3 log trolands. Most 
of the increase occurred below 2 log 
trolands. AC’s rate changed least. 
It rose from 7 to 13 cpm over the 
intensity range from 0 to 1 log troland, 
and became no faster at higher 
brightnesses. WM's curve shows a 
moderate rise followed by a distinct 
decline above 3 log trolands. 

After looking at two intense fields, 
S saw rivalry between the monocular 
afterimages. The afterimage bars 
alternated where they crossed, like 
the luminous bars but more slowly. 
Subsequent to viewing both fields at 
5 log trolands, IK reported after- 
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image rivalry at 7 cpm, WM reported 
6 cpm, and AC reported 3 cpm. 

When the illumination of only one 
field was varied, reducing intensity 
tended to lower alternation rate, and 
increasing intensity generally raised 
alternation rate until the brighter 
field became prevalent most of the 
time and reversals grew fewer. 


Prevalence 


Raising the illumination of either 
field increased the duration that it 
dominated. The upper right graph 
in Fig. 3 shows, for IK, how the 
prevalence of the right field increased 
as its intensity was raised from —1 
to 5 log trolands—from very dim to 
glaringly bright. The two curves 
were obtained with the left field 
constant at two different levels. 
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The prevalence of cach monocular field as a function of its intensity 
with the other field constant at two different levels, 


(Data from two . 


s.) 


When the left field was kept at 0 log 
trolands, the prevalence of the right 
field reached 100%. With the left 
field at 5 log trolands, right-field 
prevalence did not exceed 57%. Both 
curves rise to plateaus and decline 
slightly at the highest intensity. 
Alternation occurred even when the 
monocular fields were very different 
in brightness. For instance, when 
IK's right field was only 0 log tro- 
lands, it prevailed 27% of the time 
over the left field at 5 log trolands. 
The visual appearance of a dim bar 
even briefly predominating over a 
much brighter one was rather striking. 
IK's right eye tended to dominate 
his left. When both monocular fields 
were equally bright, the right field 
prevailed more than half the time. 
Over a 6 log unit range of equal 
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intensities, right-field prevalence aver- 
aged 596;, The dominance of IRK’s 
right eve is shown also by comparison 
of the two upper graphs in Fig. 3. 
Variables that are plotted for the 
right field on one graph are plotted 
for the left field on the other. Right- 
eye dominance is indicated by the 
fact that thefcurves of right-field 
prevalence are higher than the cor- 
responding curves of left-field prev- 
alence. 

AC was left-eye dominant: his left- 
prevalence curves in the lower left 
graph in Fig. 3 are generally higher 
than his right-prevalence curves in 
the adjacent graph. The upper left- 
prevalence curve could not be reduced 
to 0% because AC was unable to 
maintain fusion when the left field 
was dimmer than —1 log trolands. 
Data obtained with both fields equally 
bright at various levels between 0 and 
5 log trolands, showed the left field 
prevailing 64€, of the time. AC's 
curves resemble those of IK in that 
their initially positive slopes become 
level and then usually reverse at the 
highest intensities. 


DISCUSSION 


This study examined the influence of 
light intensity on binocular rivalry. 
Alternation rate was measured with both 
monocular fields equally bright, and the 
prevalence of one field was determined 
as a function of its intensity while the 
other field was held constant. | Rivalry 
between afterimages Was incidentally 
observed. The results confirm Breese's 
observations, but in addition they show 
trends not apparent in his data, trends 
that appear also in the effects of illumina- 


tion on stereoscopic sual acuity, 
and criti licker frequency. 

d, ue that alternation became 
faster when both fields were made 
brighter, and that a brighter field A 
vailed over a dimmer one @ major par 
of the time. The present experiment 


acuity, Vl 
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defined the effects of illumination more 
fully by testing more intensity levels. 
Fhus, it was seen that the rise in alterna- 
tion rate and in prevalence occurred 
primarily below 1 or 2 log trolands. 
Further increments in brightness pro- 
duced little additional rise, and above 
4 log trolands often produced a decline. 
These results were for cone vision, since 
fixation was central and intensities were 
in the photopic range. 

Stereoscopic acuity also rises to an 
asymptotic level. Mueller and Lloyd 
(1948) measured the effect of increasing 
illumination on threshold binocular dis- 
parity, which is the inverse of stereo- 
scopic acuity, i.e., lower disparity signi- 
fies higher acuity. The cone branch of 
the disparity curve declined to a level 
that was maintained over the upper 
range of photopic illumination. Very 
high intensities, which might have pro- 
duced a final increase in disparity 
thresholds, were not used. 

Illumination has a similar effect on 
visual acuity, although the exact form 
of the curve varies with the test object. 
Shlaer (1937) obtained slightly different 
results with a grating than with a C, 
but in both cases when acuity was 
plotted against log trolands, the cone- 
vision curves rose steeply at first and 
then became nearly horizontal. Under 
certain conditions, increasing intensity 
reduces acuity after raising it to a 
maximum (Fry & Cobb, 1935; Lythgoe, 
1932; Wilcox, 1932). 

Critical flicker frequency lacks a broad 
level range, but does decline after reach- 
ing a maximum. Hecht (1938) presented 
data obtained with a flickering field that 
stimulated the foveal cones. The re- 
sultant curve of critical flicker frequency 
vs. log retinal illumination rose linearly to 
a peak at about 4 log trolands and then 
turned down. 

The occurrence of rivalry between 
afterimages is interesting in relation to 
the role of eye movement in binocular 
rivalry. A hypothesis that rivalry 
changes are caused by the shifting of 
retinal images to different receptors was 
contradicted by Peckham's (1936) ob. 
servation of only chance coincidence 
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between alternations and eye move- 
ments. Afterimage rivalry also is in- 
consistent with this hypothesis, since 
afterimages occupy fixed retinal locations. 
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rroups judged a series of weigl 


OR), 1 received KOR, 
Accuracy was gre 


effects of MR were not greater than KOR. 
MR and KOR were discontinued and the origir 
: No change in judgments of the series 
IR group, whereas the other groups exhibited contrast. 


the presence of a remote anchor. 


occurred in the M 


Thus, value appeared to produce resistance to change. 


hts in a treatment and an anchoring 
In the former, 1 group served with no knowledge of results 
C and 1 received monetary rewards (MR). 
ater with KOR or MR than with NKOR; however, 


In the anchoring session, 
nal series was judged in 


No differences 


in judgments of the anchor were found. 


The present study compared the 
effects of no knowledge of results 
(NKOR), knowledge of results 
(IKOR), and monetary rewards (MR) 
on the formation and change of 
judgmental scales for a series of 
weights. Evidence from studies com- 
paring the effects of KOR and MR is 
contradictory—some studies indicate 
that MR produces performance in- 
ferior to that produced by KOR 
(Miller & Estes, 1961) or, at best, 
equal to that produced by KOR 
(Estes, Miller, & Curtin, 1962), while 
others indicate that MR produces 
greater learning (e.g. Siegel & Gold- 
stein, 1959). The bulk of evidence 
and theory indicates that differential 
amounts of reinforcement should pro- 
duce differential learning unless, as 
Miller and Estes (1961) point out, 
the incentive becomes large enough 
to render S anxious OF distract him. 
It follows that in the Formation phase 
of the present experiment, the greatest 


increase in accuracy should occur 
when SS is given 4 moderate MR for 
1'This report is based on à Master of s 
thesis submitted to the faculty at the cn 
versity of Utah by the first author. ee 
assistance for the study was provide! h Y and 
University of Utah Faculty Researc 


in a grant (No. 53-0170) to the second author. 


correct judgments (e.g., a 5¢ reward 
such as that used by Siegel & Gold- 
stein, 1959), that an intermediate 
increase should occur when S is given 
only KOR, and that the least increase 
should occur when S receives NKOR. 

The Change phase of the experi- 
ment was designed to test some 
common assumptions concerning the 
effects of value on resistance to 
change. Persons doing attitude re- 
search generally assume that repeated 
rewards for "correct" judgments of 
social stimuli lend value to the indi- 
vidual's judgmental standards which, 
in turn, produces resistance to chang- 
ing the standards. Attitude change, 
research supports such reasoning— 
the greater the subjective value asso- 
ciated with a judgmental standard, 
the greater the resistance to change 
when propaganda which is discrepant 
from the individual's standard is 
presented (Sherif & Hovland, 1961). 
If the analogy holds, it follows that Ss 
in the present experiment who previ- 
ously received MR for correct judg- 
ments should be more resistant to 
change when a remote anchor is 
presented than Ss who received only 
KOR (which, of course, may also be 


rewarding but presumably to a lesser 
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degree) and they, in turn, should be 
more resistant to change than Ss who 
received NKOR, 

Judged differences between valued 
and neutral stimuli tend to be larger 
than judged differences between 
valued stimuli or between neutral 
stimuli (Dukes & Bevan, 1952; Tajfel, 
1959; Tajfel & Cawasjee, 1959). 
Thus, it would appear that in the 
Change phase of the experiment 
judged differences between a non- 
valued remote anchor and the nearest 
stimulus in the series should be 
greatest for Ss who previously re- 
ceived MR for correct judgments of 
the series, should be intermediate for 
Ss who received KOR, and should be 
least for Ss who received NKOR, 


METHOD 


Subjects.—Several criteria, discussed later, 
were employed to select and assign Ss to one 
of three groups of 11 Ss each. The 33 Ss 
were right-handed male and female volunteers 
from introductory psychology classes who 
received points toward their course grade for 
participating in the study. 

Stimuli.—In order to insure the occurrence 
of contrast effects, part of a stimulus series 
and an anchor which previously had been 
demonstrated to produce contrast (Rogers, 
1941; Sherif, Taub, & Hovland, 1958) were 
used. The series consisted of weights of 75, 
93, 109, 125, and 141 gm. (hereafter referred 
toas 8,9, 10, 11, and 12, respectively). A 288- 
gm. weight was used as a remote anchor. 

Apparatus —Since the apparatus is de- 
scribed in detail elsewhere,? only a brief 
account of its functions will be given. The 
basic unit of the apparatus consists of a large 
motor-driven platform which revolves within 
a seven-sided enclosure. As many as seven 

* A 17-page report giving details concerning 
construction of the apparatus has been de- 
posited with the American Documentation 
Institute. Order Document No. 7439 from 
ADI Auxiliary Publications Project, Photo- 
duplication Service, Library of Congress, 
Washington, D. C. 20540. Remit in advance 
$1.75 for microfilm or $2.50 for photocopies 
and make checks payable to: Chief, Photo- 
duplication Service, Library of Congress. 
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Ss who are seated around the sides of the 
apparatus put their hands into the enclosure 
and lift one of 40 weights which are arranged 
along the edge of the platform. Except for 
the instructions which are given to Ss, the 
entire procedure is automated; the apparatus 
times the stopping and starting of the rotation 
of the platform, initiates and terminates à 
I-min. rest interval after each series of 25 
judgments, records S's cach 
stimulus as he depresses a button on his 
response panel, and operates a slave unit 
which automatically dispenses MR for each 
correct judgment, or turns on a red light for 
KOR, depending upon the experimental 
condition. In addition to providing machine 
pacing during the training session, the ap- 
paratus allowed self-pacing during the treat- 
ment and anchoring sessions. 

Procedure in the training session.—1n the 
training session, Ss were machine paced at à 
rate of 8.5 sec. between stimulus presenta- 
tions. The Ss were told, in brief, that they 
were to judge five weights, in ounces, by 
pressing the appropriately numbered button 
(8-12) on their response panels. They were 
then shown the operation of the apparatus, 
were told to lift with a uniform wrist motion, 
and were given 25 practice trials. Following 
the practice trials, 100 judgments were ob- 
tained. Any S who was unable to make at 
least 35 correct judgments in the series of 100, 
x? (4) = 11.25, p < .025, was not used in the 
remainder of the experiment. Of the 111 Ss 
who participated in the training session, 18 
failed to mect the criterion. 

The 93 Ss who did meet criterion were used 
to form three matched groups of 11 Ss cach. 
Matching on the basis of training session rate 
of learning was performed by the following 
method. Accuracy scores were obtained for 
cach S for cach of the four blocks of 25 trials 
in the training session. The four scores 
for each S were matched with those of two 
other Ss in such a manner that none of the 
four scores per S differed by more than three 
correct judgments from comparable scores 
for the other two Ss. The Ss in cach matched 
set of three were then randomly assigned to 
three experimental groups which were used 
in the treatment and anchoring sessions. 

Matching was necessary to control for 
differential learning rates and discrimination 
abilities. Had these variables not been con- 
trolled, (a) differential learning rates in the 
three groups during the treatment session 
might be the result of one group having had 
a lower or a higher rate of learning at the 
outset, and (b) differential resistance to 


response to 
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change during the anchoring session might be 
explained by one of the groups having had a 
higher level of discrimination at the outset. 
Procedure in the treatment session.—The Ss 
were individually exposed to the treatment 
session approximately 1 wk. after completion 
of the training s gain, 100 judgments 
were obtained. In all groups, Ss were told to 
continue using 8-12 oz. for their judgments. 
The NKOR group was given no further 
instructions. Each S in the KOR group was 
told, in addition, that the machine beside him 
would come on when he made a correct 
judgment, that he would hear it operating, 
and that the light on top of the machine 
would come on. The MR group was further 
informed that when the machine came on it 
would discharge 5 pennies as a reward for 
making a correct judgment, and that it was 
therefore possible to earn $5.00 during the 
next half hour. 
Procedure 


in the anchoring session.— 
Following the treatment session, S left the 
room for a 20-min. rest. During this time E 
Interpolated 15 anchor weights among 25 
Weights from the original series. At the 
beginning of the anchoring session all Ss 
were told that, "You may, if you wish, use 
any number from 8-19 to describe the 
Weights," Each S then made 100 judgments 
of the original series and 60 judgments of the 
remote anchor. The Ss did not receive MR 


or KOR during the session. 


RESULTS 


Comparison of training session judg- 
ments,—Since differences between 
groups in training session performance 
could be crucial to analysis of the 
treatment session data, à simple 
analvsis of variance was performed to 
determine whether the criteria used 
for matching SS had, in fact, been 
Sufficiently stringent to insure sta- 
tistically matched groups. The re- 
sults showed that the mean accuracy 
scores of the groups were not signifi- 
cantly different from each other, 
F (3,40) = .052, p > 09. | 
. Comparison of increases 9n accuracy 
?n the treatment session —It was kn 
pected that the MR grouP would 
evidence a greater increase 1n oe 
during the treatment session than the 


KOR group and that the NKOR 
group would show the least increase. 
In order to test this expectation, S's 
training session accuracy score was 
subtracted from his treatment session 
accuracy score and the resulting 
accuracy difference scores of the three 
groups were compared with a simple 
analvsis of variance. Results in- 
dicated that the means of the three 
groups were not equal, F (2, 30) 
= 3.95, p < .05. An individual de- 
grees of freedom test indicated that 
the NKOR group showed less increase 
in accuracy than the averaged increase 
in the KOR and MR groups, F (1, 30) 
= 7.19, p < .01. The KOR and MR 
groups did not differ from each other, 
F (1, 30) = .106, p > .05. 
Comparison of differences between 
treatment and anchoring session judg- 
ments.—Mean judgments in the treat- 
ment and anchoring sessions are 
portrayed in Fig. 1. In order to 
compare statistically the amount of 
change produced by the anchor in 
cach group, a change score was ob- 
tained for each S by computing his 
mean judgment of the original series 
in the treatment session, his mean 
judgment of the original series in the 
anchoring session, and subtracting the 
former from the latter. Thus, a 
positive change score reflects a shift 
in judgments toward the stimulus 
value of the remote anchor, while a 
negative score, of course, reflects the 


reverse. 

The significance of the change 
scores was separately assessed for each 
determine whether 
the anchor actually produced contrast 
in any of the groups. As Table 1 
shows, 4 tests for related groups in- 
dicated that the NKOR and KOR 
groups shifted their judgments away 
from the anchor (contrast). Despite 
the fact that the M R group appears 
to have shifted their judgments to- 


group in order to 
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Fic. 1. Mean judgments of NKOR, KOR, and MR groups. (The anchor is 
denoted by A on the ordinate.) 


ward the anchor in Fig. 1, the change 
was not significant. 

The relative amounts of change in 
the three groups were compared bya 
simple analysis of variance which 


indicated that the means of the groups 
were not equal, F (2,30) = 5.82, 
p «.01. An individual degrees of 
freedom test indicated that the MR 
group exhibited significantly les5 
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TABLE 1 


Quita Rispa OF TREATMENT AND ANCHORING 
SESSION JUDGMENTS IN THI THREE GROUPS 


Grop | dm | e | 

NKOR | —.33 | 229 T0 | «o5. 
KOR —4150 5.19 10 <.0005 
MR 7 ‘93 | 10 | ».15 


a One-tailed probability values. 


change than the averaged change in 
the other groups, F (1, 30) = 10.91, 
P <.005. Change scores for the 
NKOR and KOR groups were not sig- 
nificantly different, F (1, 30) = .698, 
b> .05. 

Analysis of judgments of the anchor. 
— It was expected that the greater the 
amount of value associated with the 
stimulus series, the greater the magni- 
tude of the difference between judg- 
ments of Weight 12 and the anchor. 
In order to test the expectation, a 
discrepancy score was obtained for 
each S by subtracting his mean judg- 
ment of Weight 12 from his mean 
judgment of the anchor. A simple 
analysis of variance performed on 
the discrepancy scores for the three 
groups indicated no overall difference, 
F (2, 30) = .233, p > .05. An indi- 
vidual degrees of freedom test in- 
dicated that anchor displacement in 
the NKOR group was not different 
from the averaged displacement in the 
KOR and MR groups F (1, 30) 
= 200, p > -05. Further, the KOR 
and MR groups were not different 
from each other, F (1,30) — .265, 
b> .05. 


During the Forma 


Not produce a greater in 
indi d previ- 
curac OR. As indicate 2 
y than K s indo). using 


ously, Siegel and Gold 

s similar to those in the PF 
(college students in both cases), 
that 5¢ rewards in a two-choice 8 


esent stu y 
found 
uessing 


game produced greater accuracy than 
KOR. The discrepancy in the results 
of the two studies may be attributable 
to differences in the task or in the 
manner in which rewards were dispensed. 
In the present study, a machine auto- 
matically dispensed coins to Ss; in Siegel 
and Goldstein's study Æ handed coins to 
S and, thereby, may have associated 
social rewards with correct responses. 
Miller and Estes (1961) and Estes, 
Miller, and Curtin (1962), who also 
failed to find the expected differences 
between the effects of KOR and MR on 
learning, also used a machine to dispense 
coins. In any event, the present study 
indicates that the addition of MR to 
KOR may be an ineffective technique 
of increasing accuracy during the learn- 
ing of a judgmental scale. This, how- 
ever, is not to say that MR had no effect 
on learning; MR did produce effects 
during the Formation phase which were 
not evident until the Change phase. 

In the Change phase of the experiment, 
the NKOR and KOR groups exhibited 
the contrast effects typically produced 
by remote anchors. The fact that the 
two groups did not differ in amount of 
contrast indicates that in the presence 
of remote anchors, subjective judgmental 
scales formed with KOR function in a 
manner similar to those which are 


formed with NKOR. The MR group, 
on the other hand, exhibited no signifi- 
cant change in mean judgments during 
the anchoring session. 

Obviously, giving S 5¢ for a correct 
judgment is not identical to a family or 
peer group giving social rewards for 
“correct” judgments. The lack of 
change in the MR group does, however, 
lend tangential support to the earlier 
mentioned assumption concerning atti- 
tude formation; namely, that one of the 
factors which makes value-laden judg- 
mental standards resistant to change is 
the recurrent association of rewards with 
appropriate judgments. 

"A definitive statement cannot be made 
rding the effect of value on the 
ition of a remote anchor. All three 
estimated the anchor to be the 
Jative distance from the heaviest 


rega! 
defin 
groups 

same re 
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weight in the original series. In studies 
reporting the functioning of attitudes in 
situations analogous to the one used in 
the present experiment (e.g, Hovland, 
Harvey, & Sherif, 1957; Hovland & 
Sherif, 1952) remote anchors were judged 
as more remote by Ss who held intense 
attitudes than by Ss who held less intense 
attitudes, If the analogy is appropriate, 
an insufficient amount of value may have 
been associated with the judgmental 
scale in the MR group. The lack of 
differential anchor displacement in the 
three groups might also be due to the 
fact that the anchor was not negatively 
valued—the previously mentioned atti- 
tude studies used remote anchors which 
were negatively valued by Ss. On the 
other hand, it may be that value has 
nothing to do with anchor displacement ; 
the crucial variable may be amount of 
practice with the judgmental 
Harvey and Caldwell (1959), 

and Campbell (1963), and Harvey and 
Rutherford (1958) found that "strong 
concepts" which were produced through 
extra practice produced more displace- 


ment in judgments of remote anchors 
than did "weak concepts." 


scale. 
Harvey 
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of prior reinforcements, 
lated to the total number of C 
to suggest that the 
acquisition functions 
extinction, but this su 
The results are 
Pavlo 


controls. 
nique for examining the 


the human level. 


Among the numerous phenomena 
"lov, 


identified and investigated by Pav 
one of the most pervasive was external 
inhibition: the process whereby pres- 
entation of a novel or unusual stimulus 
disrupts or suppresses ongoing reflex 
activity. Thus, if a state of excitation 
€xists with respect to à certain reflex, 
Application of an external inhibitor 
Would cause the reflex to occur with 
reduced strength or perhaps not to 
Occur at all. If, on the other hand, a 
State of inhibition exists with respect 
to the reflex, presentation of the 
external inhibitor would, according to 
Pavlov, inhibit the inhibition and the 
reflex would occur with increased 
! Adapted from a dissertation submitted to 
the Department of Psychology of Duke Uni- 
versity in partial fulfillment of. the require- 
ments of the PhD degree. The writer 15 
Sreatly indebted to Gregory t“ Kimble for 
t in the con- 
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al is shown to inhibit the blink re! 
Although such inhibition appears to be unre 
its occurrence in individual Ss is inve 
Rs produced. 
same stimulus which acts as an e 
s a disinhibitor if presented following partial 
ion is attenuated by the absence of proper 
discussed in terms of their providing a tech- 
an implications of these phenomena at 
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auditory stimulus at the midpoint of the 


flex conditioned to a 
lated to the number 
rsely re- 
vidence is also presented 
xternal inhibitor in 


vigor, giving rise to the phenomenon 
of disinhibition. From this it follows 
that the same novel stimulus can on 
one occasion in an experiment inhibit 
a conditioned reflex though it may 
facilitate the occurrence of the reflex 
on another occasion. Thus, Pavlov 
(1927) writes 

We have seen that the very same extra 


stimuli which when they evoke strong, 


ous reflexes produce external in- 


extranei 
ioned reflexes, 


hibition of the positive condit 
produce, when the effect is weak from the 
start or weakened by repetition, disinhibi- 
tion of the conditioned reflexes which were 
made to undergo extinction [p. 67]. 


These relationships have received 
surprisingly little systematic attention 
from American investigators. In 
1936, M. A. Wenger conditioned the 
GSRs of human Ss toa red light using 
a shock to the sole of the right foot as 
reinforcement. Twice during acquisi- 
tion, he presented tactual vibration 
to S's left hand. He then recorded 
the amplitude of the GSR made to 
the next presentation of the light CS 
and found in each case that it was 
smaller than the response made to a 
nonreinforced CS presented immedi- 
ately prior to the vibrator. After 
extinguishing the response to its level 
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prior to reinforcement, he again 
administered the tactual vibration 
and observed an increment in the GSR 
made to the immediately succeeding 
presentation of the CS. More re- 
cently, it has been noted that pres- 
entation of a “ready signal" will 
depress performance in an eyelid 
conditioning situation (Dufort & 
Kimble, 1958; McAllister & McAI- 
lister, 1960). Allof these experiments, 
however, differ from Pavlov's in one 
important procedural detail ; Pavlov 
presented his external inhibitors dur- 
ing the operation of the CS and 
therefore, according to him, at a time 
when excitatory or inhibitory states 
under the control of the CS were in 
effect. The other investigators men- 
tioned applied external inhibitors at 
times when the CS was not present 
though it is possible, particularly in 
the case of the Wenger experiment, to 
assert that lingering excitatory and 
inhibitory effects developed in the 
presence of the CS were effected by 
the extra stimulus. 

A few American investigators have 
actually presented external inhibitors 
during the operation of the CS 
(Rodnick, 1937; Spence & Runquist, 
1958) but these investigations have 
invariably been concerned with the 
nature of the response made to the 
external inhibitor, usually a very weak 
Stimulus used as a probe, rather than 
with the effects of the extra stimulus 
upon the primary reflex. 

Finally in a preliminary study in 
this laboratory, it was found that a 
novel visual stimulus presented in- 
stead of the usual visual CS, after 15, 
30, and 60 reinforcements, inhibited 
the conditioned eyeblink and that the 
degree of inhibition varied inversely 
with the number of prior reinforce- 
ments. In contrast to Wenger's 
findings, however, was the suggestion 
that the presentation of the novel 
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stimulus during acquisition was fol- 
lowed by d 
excitation, a phenomenon labeled in- 
duction by Pavlov. Unfortunately, 
all Ss in this experiment were ad- 
ministered all three trials involving 
the novel stimuli; hence, no controls 
were available against which to assess 
the presence or amount of such in- 
ductive effect. The present study was 
conducted in an effort to correct this 
failing as well as to verify the in- 
hibiting properties of a novel stimulus 
presented with, rather than instead of, 
the conditioned stimulus. Since the 
primary interest was in an inhibitory 
rather than a disinhibitory effect, it 
was decided that the extra stimulus 
should be presented during the second, 
usually excitatory, phase of the 10- 
terval of delay rather than throughout 
the interval as Pavlov had typically 
done. This procedure was also 
adopted with the expectation that as 
a result of inhibiting the excitatory 
phase in this manner, inhibition of the 
UCR might also be observed (Kimble 
& Ost, 1961; Kimmel & Pennypacker: 
1962). 

Finally, to substantiate Pavlov'$ 
and Wenger's assertion that the same 
extra stimulus which serves as an 
inhibitor during acquisition will, 1 
the presence of inhibition acquired af 
a result of experimental extinction: 
act as a disinhibitor, a series of post 
extinction trials was administere 
with the extra stimulus added as İf 
had been during acquisition. 


a period of heightened 


METHOD 


A pparatus.—The S was comfortably seated 
alone in a well-lighted, sound-deadened cubic 
whose interior dimensions were 84 X 36 me 
in. Immediately in front of S was a tableli 
shelf upon which he could rest his hands ans 
arms. Communication between S and E x 
available when needed through an int? 
communication system. 
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All responses were recorded by means ofa 
microtorque potentiometer attached mechan- 
ically to S's right eyelid; movements of the 
potentiometer arm were relayed to a Grass 
Model 5E de driver amplifier through a 22.5-v. 
balanced connecting circuit designed and 
supplied by the Grass Instrument Company. 
The output of the driver amplifier was ink 
recorded on one channel of a Grass Model 5 
Polygraph at a paper speed of 30 mm/sec; 
additional pens marked the onset and offset 
of the CS and UCS. 

The unconditioned stimt u 
Compressed air, was delivered at an 1n 
equivalent to 180 mm. of mercury through a 
Vi-in. aperture to the temporal corner of S's 
right eye from a distance of about jin. The 
duration of the UCS was .10 sec» controlled 

Y the action of a solenoid valve. nA 

The CS was circular red light 14 in: m 
diameter produced by 2 Grason-Stadler 
Model E4580 multiple stimulus projector 
Which was mounted equidistant from either 
Side at a height of 70 in. in the cubicle wall 


facing S. The extra stimulus, n pec 
inhibit s a 1,000-cps tone deliverec a 
or, was a 1, I 70 db. (re 


an intensity of approximate y 


-0002 dynes 2 "f A beat frequency 
02 dynes/cm?) by an RC a 3}-in. speaker 


Oscillator Model 154 through a, dp 
mounted in the wall of the cubicle to 5's pos 
The CS-UCS interval was 1 seci t i 
Offset of the CS coinciding with the onset o 
the UCS, On trials during which the tone 
Was presented, its onset succeeded the onset 


Of the CS by .50 sec., the two terminating 
GSi a ions and inter- 


together, Ail stimulus durat 
Stimulus T. were controlled by Crs 
Stadler electronic interval timers. Inten Ea 
intervals ranged from 12 to 28 ser UR 
Mean of 20 sec., and were controllec M n 
erbrands tape programmer whose xy 
at the appropriate interval aum 
Mitiated the sequence of events defining 


trial, 
Procedure.—After S was died 
Seated in the cubicle and the recorc ing um 
Ment attached, he was instructed E d 
Ssigned to acquaint him with ] dert 
nature of the experimental procedur! : E 
‘hibit the production of voluntary d 
Y introducing a set to “respond m m ) 
Ss then received two nonrein or! ibus 
Presentations followed by three presen i pn 
of the UCS alone. Depending um an 
experimental condition to which , 
assigned, S then received 15, 30, 0 I 
veSsentations of the CS an hanes 
"Celving his first trial with the a um 
'Ditor present. Group Í received ó 


ilus, a puff of dry 
tensity 


trials, 1 trial with the external inhibitor 
and 5 more CS-UCS trials. Group II re- 
ceived 30 CS-UCS trials, an external inhibitor 
trial, 30 more CS-UCS trials, then a second 
external inhibitor trial followed by 5 CS-UCS 
trials. Group III Ss received their first 
external inhibitor trial after 15 CS-UCS 
trials, their second after the thirtieth CS-UCS 
trial, and a third after the sixtieth CS-UCS 
trial, the latter again followed by 5 final 
CS-UCS trials. Thus provision was made to 
compare Ss’ performances following presenta- 
tion of the external inhibitor after 15 and/or 
30 reinforcements with the performance of 
Ss who had not yet experienced the external 
inhibitor. All acquisition trials involving the 
extra stimulus were reinforced to prevent the 
development of discrimination and to permit 
observation of the effects, if any, of the 
external inhibitor upon the UCR. 

The extinction procedure was identical 
for all Ss. Three extinction trials involving 
only the CS were administered followed by 
5 nonreinforced trials in which the tone was 
added to the CS as it had been in acquisition. 
This procedure was carried out with 57 Ss, 
19 from each group. The first S run in each 
condition was administered 10 straight ex- 
tinction trials; subsequent addition of the 
tone produced no change in what was typical 
extinction behavior. This suggested that 
fewer nonreinforced presentations of the CS 
would be necessary to prevent the develop- 
nt of so much extinctive inhibition that no 


me 
the external inhibitor could be 


effects of 


observed. 
Subjects. —The Ss were Duke University 


undergraduates who participated voluntarily 
as part of the requirements of the introductory 
psychology course. Usable data were col- 
lected from 60 of the 77 Ss who participated ; 
9 of those remaining were discarded as 
voluntary responders, 6 failed to produce at 
least five conditioned responses during the 
acquisition period, and an exceedingly high 
resting blink rate made the records of the 
remaining 2 unreadable. The Ss were 
assigned serially in order of their appearance 
at the laboratory to one of the three experi- 
mental groups. The assignment of Ss to 
groups was partially restricted in order that 
each group would finally be composed of 14 
males and 6 females, approximately the ratio 
of the sexes of the parent population. 


RESULTS 


the dependent variable, 


Definition of 
d response was defined 


—A conditione 
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Fic. 1. Mean percentage of conditioned responses for the three groups presented by blocks 


of three trials in acquisition and trial by trial in extinction. 


asany deflection from a stable baseline 
in the direction of closure that: (a) 
was greater than or equal to 1 mm.; 
(b) occurred at least 600 msec. after 
the onset of the CS; and (c) did not 
return to the baseline prior to the 
onset of the UCS. The rationale 
underlying the use of the latter 
criterion no doubt requires some 
elaboration. 


It is well known that presentation 
of virtually any suprathreshold novel 
stimulus will evoke an orienting reflex 
on the part of a human S and that one 
component of this reflex is apt to be 
an eyeblink. Since, as Grant and 
Norris (1946) and others have shown, 
the latency of such a reflex blink may 
be as much as 110 msec., it was 
entirely possible in the present study 
for reflex (or alpha) blinks to the 
onset of the tone to be mistaken for 
conditioned responses on those trials 
in which the tone was intended to 


serve as an external inhibitor. BY 
requiring that a conditioned response 
blend topographically with the un- 
conditioned response, the likelihood 
of inadvertently including alpha re- 
sponses on those trials was greatly 
reduced since the duration of an alpha 
reflex is not apt to be more than 
about 100 msec. As a check on the 
efficacy of this procedure, the dat 
were tabulated with and without use 
of the blending criterion. On the rei 
forced trials that included the tone: 
the blending criterion eliminate‘ 
39.4% of the responses that would 
otherwise have been classified as CRS: 
it eliminated only 10.6% of such re 
sponses in the other acquisition trials 
It is assumed that this difference rS 
flects the presence of alpha reflexes t° 
the onset of the tone which wer? 
appropriately omitted from the anal- 
ysis. In order to assure statistic? 
comparability, however, the blendin? 
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criterion was applied to all reinforced 
responses thus making any statistical 
demonstration of external inhibition 
due to the presence of the tone some- 
what more difficult than it would have 
been had the blending criterion only 
been applied to those responses made 
in the presence of the tone. The 
blending criterion was not used in the 
case of responses observed during 
extinction. 

For each group, Fig. 1 shows the 
mean percentage of conditioned re- 
Sponses in acquisition (including the 
first extinction. trial) plotted as a 
function of blocks of three trials. 
Performance in extinction is similarly 
Plotted trial by trial for the three 
trials during which only the CS was 
presented. The open symbols in Fig. 

represent the performance ol the 
Various groups on the trials which 
included the external inhibitor. In- 
Spection of the figure clearly indicates 
that a large decrement in performance 


resulted from presentation of the 
external inhibitor but that the amount 
affected 


Of decrement is not greatly 
either by the number of prior rei 
forcements or by the number of prior 
Presentations of the external inhibitor 
itself, Statistical tests of all possible 
ifferences among these points confirm 
the latter impression. . 
The decrement which occurred m 
the presence of the external inhibitor 
Was evaluated for each group e 
rately by means of the Cochran Q e 
(Siegel, 1956); this technidue e 
aneously compared each S's perto K 
ance on the external inhibitor po 
ith his performance 0n each of RUP 
Tee immediately preceding ad 
ion trials, Similar analyse we 


Performed on the pooled data ^i 


is) 
Toups II and III, following - M 
th trials and on the data 
t lee groups following 
“als. In all cases, it was C? 


rein- 


ncluded 


that the decrement in performance 
due to the presentation of the ex- 
ternal inhibitor was statistically reli- 
able (p < .05). ` 

Although analysis of the groups’ 
performances on the external inhibitor 
trials reveals no differences which can 
be reliably attributed to differential 
habit strength as inferred from the 
number of prior reinforcements, exam- 
ination of the data for individual .Ss 
provides evidence of a strong inverse 
relationship between the effectiveness 
of the tone as an inhibitor and level of 
conditioning. 

The overall distribution of total 
number of conditioned responses pro- 
duced in acquisition was dichotomized 
at the median; a 2 X 2 frequency 
table relating this index of response 
strength to whether or not a condi- 
tioned response was made on any of 
the external inhibitor trials exhibited 
a degree of association whose likeli- 
hood under the null hypothesis was 
found by Fisher's exact test to be 
.0358. Thus, support was provided 
for the Pavlovian contention that the 
effect of an extra stimulus presented 
during the interval of delay will be a 
function of the strength of the condi- 
1 response being delayed ; speci- 
that a strong CR is harder to 
this manner than a weak 


tionec 
fically, 
disrupt in 
one. mE 
Figure 2 is a series of tracings, show- 
the variety of effects produced by 


ing y 
the introduction of the tone at the 
midpoint of the interval of delay. 


Although total inhibition of the ob- 
servable CR occurred in 83.3% of the 
trials in which the tone was presented, 
it is of interest to examine some of the 
characteristics of the responses made 
on the remaining 16.7%. It might be, 
for example, that even if the tone 
were not completely effective as af 

tial effectiveness would 


inhibitor, par 
serve to lengthen the latency of the 


38 


EFFECTS OF AN EXTERNAL INHIBITOR 
ON VARIOUS EYELID REFLEXES: 
TRIAL n TRIAL n+l 
f 7 
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LP V ET Em 


CR TOTALLY INHIBITED; 
UCR PARTIALLY INHIBITED 


ND EINER 
Je SF 


VOLUNTARY INHIBITED; 
CR APPEARS 


wl ie | 


Fic. 2. Tracings of actual records showing 
the effects of the tone on various eyelid re- 
flexes, 


conditioned response as shown in the 
top panel of Fig. 2. One might also 
suppose that in a few cases the tone 
would operate as a disinhibitor, re- 
moving the inhibition of delay by 
decreasing the latency of the condi- 
tioned response. Such an effect is 
shown in the bottom panel of Fig. 2. 
In order to see if either or both of 
these effects occurred with any regu- 
larity in those cases where the tone 
failed to block completely the pro- 
duction of a conditioned response, 
response latencies were recorded for 
each S on the last external inhibitor 
trial on which a CR was produced. 
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Also recorded were the latencies of the 
two immediately prior and two Im- 
mediately subsequent conditioned re- 
sponses. ^ Analysis of these data 
revealed that introduction of the tone 
had no particular effect on the mean 
latency of either the responses made 
in the presence of the tone or those 
made immediately after its presenta- 
tion. There is, however, a significant 
increase in the variability of these 
latencies. F ratios were formed be- 
tween the variance of the CR latencies 
obtained on the trials with the 
external inhibitor present and the 
pooled variance of the latencies of the 
two previous conditioned responses 
F (29,13) = 2.467, p < .025; and be- 
tween the pooled variance of the two 
subsequent conditioned responses anc 
the pooled variance of the two prev! 
ous conditioned responses, F (29, 29 
= 2.253, p < .05. The comparison 
involving the latencies of the CRs 1? 
the presence of the external inhibitor 
and those of the two subsequent re- 
sponses failed to reach significance 
(F < 1.00). Hence we have evidenc® 
that if the external inhibitor fails t? 
produce total inhibition of the CR it 
may alter the latency not only of the 
conditioned response produced in it$ 
immediate presence but of the sub* 
sequent conditioned responses as wel t 

Extinction—A Group X Trials 
analysis of variance was performed on 
the absolute numbers of CRs produce 
on the last five extinction trials by the 
57 Ss who received three nonre 
forced presentations of the CS fo 
lowed by five nonreinforced present? 
tions of the CS plus the tone. The 
results of this analysis are summarize 
in Table 1. 

One notes, by examining Table b 
that a nearly significant difference ! 
performance on the last five extincti? 
trials occurred as a function of br 
number of times the tone had be% 
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TABLE 1 


ANALYSIS OF VARTANCE OF CONDITIONED 
Responses Mapr WHEN THE 
Toxr Was ALSO PRES 
IN EXTINCTION 


Source 


Groups (G) 


Trials (T) | 4 
Linear (1) 
, Quadratic (1) 
Sal 8 
Total 14 
EEEE a, PE — 
*p «.05. 


Presented and reinforced during ac- 
quisition; the mean numbers of CRs 
per S in Groups I, H, and II were 
:95, 1.26, and 1.47, respectively. This 
trend suggests that attempting to 
avoid the formation of discrimination 
during acquisition by reinforcing all 
Presentations of the tone may have 
led to somewhat different levels of 
Conditioning to the tone for the three 
Sroups; indirect evidence that a dis- 
Crimination might indeed have been 
formed had the tone not been reim- 
forced though it was presented at most 
Only three times. Of greater interest, 
however, is evidence for the reliability 
9f the quadratic nature of the function 
relating performance to trials. The 
R totals for these five trials sus 
respectively, 15, 11, 12, 15 and ae 
The increase of this function oe, 1 
ast three trials appears to eon dm 
Wenger's finding that 2n externa 
Inhibitor in acquisition will, if rd 
Sented during extinction, assume ^ 
‘Nhibitory capacities. must 
added, however, that this interpr ed 
ion of these results omewha 


Necessa ine 

ry controls aga! -di 
Assess the effect of further iced 
> 1 1 H * e 
Xtinction trials and the = UCRs 


wh; 
hich these responses may 
the tone, 


DISCUSSION 


. The principal result of this study was 
its confirmation 1n human eyelid condi- 
tioning of the existence of a phenomenon 
of basic importance in classical condi- 
tioning: external inhibition. Specifically, 
it has been shown that the introduction 
of an extra stimulus during that portion 
of the interval of delay which is com- 
monly thought to be excitatory will 
generally inhibit the production of a 
conditioned response. 

The Pavlovian explanation for external 
inhibition is that a novel stimulus evokes 
an orienting reaction and that this 
reaction obliterates the conditioned re- 
sponse. The data support such an 
interpretation indirectly. It will be re- 
called that 39.4% of the responses made 
in the presence of the tone during 
acquisition was not considered in the 
analysis because they did not blend 
with the UCR whereas only 10.6% of 
the responses made in the absence of the 
tone was similarly eliminated. Inspec- 
tion of the records indicates that the vast 
majority of the former was probably 
orienting reflexes; they occurred with 
atency and were usually of 
brief duration. In considering cases in 
which the tone failed to elicit an orienting 
blink but did inhibit the production of a 
conditioned response, it should be rec- 
ognized that the blink reflex is probably 
only a part of the orienting reflex and 
perhaps not the essential part for the 
occurrence of external inhibition. There- 
fore, failure of the blink reflex to occur 
to all presentations of the tone cannot 


be taken as evidence that the orienting 


reaction also failed to occur. 

The present demonstration of the 
susceptibility of the conditioned eyelid 
reflex to external inhibition and, tenta- 
tively, disinhibition, affords us the 
opportunity to examine at. the human 
level the Pavlovian implications of these 
phenomena. An obvious next step, for 
example, would involve manipulating the 
intensity of the external inhibitor to see 
if the amount of external inhibition 
produced does vary directly with the 
intensity of the extra stimulus; the 


appropriate l 
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results of our preliminary study com- 
pared with those of the main study 
predict such an outcome since less 
inhibition was observed in the presence 
of a visual stimulus than in the presence 
of a more novel auditory one. , 

Manipulation of the temporal point of 
delivery of the extra stimulus may shed 
light on the role of the orienting reflex to 
the onset of the extra stimulus in the 
production of external inhibition ; if 
external inhibition is nothing more than 
the result of the orienting reflex and its 
refractory period, extra stimuli presented 
early in the delay interval should have 
less of an inhibitory effect than those 
presented later. The possibility exists, 
however, that an extra stimulus pre- 
sented at a point in the interval too late 
to effect the anticipatory CR would 
have an inhibitory effect on the UCR. 
The present study yielded no reliable 
evidence that a tone presented half w ay 
through the interval generally. had 
such effect on the UCR, but the ef 
was observed in isolated inst 
Fig. 2, third panel). 

The results of the present study failed 
to confirm the expected presence of an 
induction effect in trials immediately 
following the presentation of the ex- 
ternal inhibitor (see Fig. 1)? Since the 
preliminary study which suggested the 
likelihood of an inductive effect differed 
from the present one in that the external 
inhibitor was (a) visual and (b) presented 
instead of the CS rather than in con- 
junction with it, it seems likely that one 
or both of these differences are respon- 
sible for the disparity of the results. On 
the other hand, it may be that reinforce- 
ment delivered in the presence of a 
totally novel stimulus temporarily sen- 


any 
fect 
ances (see 


3 A t test comparing the performance of 
Group II on Trial Blocks 10 and 11 (separated 
by their first experience with the tone) yielded 
a ratio less than unity. Since this difference 
is one of the largest to be found in Fig. 1, 
either within or between groups on compar- 
able or adjacent trial blocks, no effort was 
made to procure statistical Support for either 
an induction effect or a locally perseverative 
inhibitory effect among the other points, 


sitizes 5 so that in the preliminary 
experiment, we observed a pseudo o 
tion effect: which was not, in e 
preceded by a great amount of interni 
inhibition. By contrast, in he pret 
experiment, the external Loire bud 
parently was not of sufficient intens k 
to produce an inductive effect but ra 
it was presented in the presence o din 
CS subsequent reinforcement was pem 
ably not as sensitizing. Thus, it was f 
appear that the demonstration of € 
induction effect. following the (rese 
tion of an external inhibitor during ae 
interval of delay must await the use OF * 
more intense extrancous stimulus. 
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GENERALIZATION OF ACQUIRED FEAR AS A FUNCTION 
OF CS INTENSITY AND NUMBER OF 
ACQUISITION TRIALS! 


OTELLO DESIDERATO 


Connecticut. College 


28 rats received 3 or 25 tri 
CS was bright for half the 
7 Ss received 25 bac 
subsequent generaliza 
hurdle jump respons 
presentation of test lights of 
tested toward weaker, dim cs 
gradients of generalization of 
a bright CS, are app 
on the Ist test di ; f 
gradients were obtained following 
with a dim CS. Implicati 
dynamism and their relation. to 


discussed. 


ition test tria 
e into an es 


Following the initial study of Brown 
and Jacobs (1949), other investigators 
have used the method of prior fear 
Conditioning to show that fear can be 
acquired and that its reduction will 
reinforce the learning of a new re- 
Sponse (Goldstein, 1960; Gwinn, 1951 ; 
Kalish, 1954; McAllister & McAllister, 
1962a). The procedure starts with a 
Classical conditioning phase during 
Which the animal receives @ number of 
trials of CS paired with unavoidable 
Shock of short, fixed duration. ue 
Subsequent trials, S learns to escape 
‘Tom the shock compartment by 
JUmping a hurdle when the CS is 
Presented alone; strength of fear 
"Cquired in the preceding phase !$ 


orted by Grant 
Institute of 
ealth 


ln: 
This research was SUPP 


M 
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Vice, and data were CO 
a ; 8 ata were 

ig thor was at Adelphi College 
pErateful to Lois Rice, Mary Ann e 
the derick Arensberg for helper 
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data analysis. 


istance 


als of light CS and brief un: 
ind dim for the rest. 
kward conditioning 
shock was omitted and latency of a 
pe compartment was recorded, on 
wying intensities. 
toward stronger intensities. 
acquired fear, following conditioning with 
roximately linear and tend to steepen with trials, 

Weak fear conditioning and, hence, no sloping 
backward conditioning or conditioning 
ons of these results for stimulus intensity 


-oidable shock. 
A control group of 
trials with the bright CS. On 


Bright CS Ss were 
Obtained 


recent studies of acquired fear are 
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inferred from hurdle jump latencies 
across a series of test trials. 

In the typical generalization of 
avoidance study, S must learn to 
make an avoidance response to the 
CS prior to generalization. testing 
(Miller & Greene, 1954). In the 
present study, the aim was to obtain 
generalization gradients for a response 
never performed during the fear con- 
ditioning trials. Strength of acquired 
fear has been shown to vary with 
number of CS-UCS trials (Goldstein, 
1960; Kalish, 1954), with intensity of 
UCS (Goldstein, 1960; Gwinn, 1951), 
and with delay between conditioning 
and test trials (McAllister & Mc- 
Allister, 1962a). However, the gen- 
eralization of fear acquired prior to 
the performance of the indicator 
response has not been reported. This 
study investigates the effect of CS 
intensity and number of CS-UCS 
trials, varied during fear conditioning, 

f generalization gradients 


on the form o c 
obtained on subsequent hurdle jump- 


ing trials. 
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METHOD 
Subjects 


The Ss were 35 experimentally naive male 
albino rats obtained from Blue : pruce Tanms, 
Altamont, New York. ‘The ave were 20s 115 
days old upon arrival and 130-155 days old 
at the start of the experiment. From the time 
of arrival and throughout the experiment all 
Ss had Purina laboratory chow available as 
well as free access to water. Between time 
of arrival and the first experimental session, 
rats were handled for 5-min. periods every 
other day. 


Apparatus 


The apparatus consisted of two compart- 
ments separated by a guillotine-type door. 
The inside dimensions of the conditioning 
compartment were 13 in. long, 84 in. wide, and 
74 in. deep. Three side panels were made 
of aluminum; the fourth side consisted of a 
wooden frame for the guillotine-type door. 
Panels, frame, and door were painted flat 
black. "With the door open, the opening 
between compartments was 51 in. wide and 
4} in. high. Escape from the conditioning 
compartment required climbing over a 1}-in, 
hurdle consisting of the lower horizontal 
member of the wooden frame. One inch 
above the floor of the cage, the upper portion 
of the hurdle was beveled to a thin edge to 
discourage resting responses. When the door 
was lowered, its bottom edge rested on the 
beveled edge of the hurdle. 

The compartment was covered with iin. 
Plexiglas painted white except for an 8}-in. 
circular area. The CS was light provided by 
a 60-w. frosted bulb in an 8}-in. aluminum 
reflector which rested on top of this trans- 
Parent area, facing down into the compart- 
ment. A variac was used to vary CS in tensity 
and illumination was measured with a 
Photovolt meter, Model 200-A. All readings 
were taken with the photocell on the grid 
floor in the middle of the cage, facing upward 
toward the light source. On all acquisition 
trials, electronic timers timed CS and UCS 
presentations. The compartment floor con- 
sisted of -in. steel rods, spaced 55; in. apart, 
and wired to a shock generator and scrambler 
which supplied 1.2-1.8 ma. at 120 v. measured 
across the grids. 

Inside dimensions of the esca 
ment were 20 in. long, 
deep. This compartm 
flat black and had a 
Plexiglas. 


pe compart- 
7 in. wide, and 8 in. 
ent was also painted 
hinged cover of clear 
On generalization test 


ex trials 
raising the door between the two compart- 
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simultaneously started a „Standard 
Electric timer and turned on the CS. -— 
ing the door after the animal had us gpa 
hurdle into the escape compartment : af 
matically stopped the clock and turnet 
the CS. 


ments 


Procedure L 
Design.— he. general pronecduo ss pind 
expose the rat to a number of Cs-l oat 
entations in the conditioning compar in 
and then to record hurdle jump latenc P T 
the sence of light stimuli of varying 
tensi A mixed desit ied 
intensity and number of fear acquisition 
as the two independent treatments, 
intensity of generalization test stimuli a 


sas used with > 
n was trials 
an 
the 


"within" effect. Twenty-cight or cs 
randomly assigned to a bright oy " group 
intensity group. Each CS intensity 


0 
Fa ei nber 
was further divided on the basis of gs were 
fear acquisition trials: 3 or 25. The jriment* 
run one at à time throughout the expe ] 


"s 
E vation bestt" 
Fear acquisition and seen” ~ was 
(Day 1).—On the first day, cac he esca P? 
permitted to explore the interior of th A 


: prio 
compartment for a 10-min, adaptation gs 
The Ss were inserted directly into the ning 
partment and the door to the condit onlY 
compartment remained closed. The lamp 
illumination was a 10-w. ruby darkroom 

in a ceiling fixture. 


vas 

2 P : S We 

Immediately following adaptation, vondi 
placed directly on the grid floor of the 


tioning compartment. The door to the p e 
compartment remained closed. The pr e 
25 acquisition. trial group. immediate Y get 
ceived their first fear acquisition trial wi i 
ing of 5 sec. of CS, with shock timed 4 yoo 
4 sec. after CS onset. The CS anc re 
terminated simultaneously. Trials yel ast 
peated every 2 min., the twenty-fifth n tion 
trial occurring 48 min. after the intro f H 
of S into the conditioning compartmen al 
order to equate the total amount oft 


in if 
ment cues other than the CS, Ss sir che 
acquisition trial group did not ym hag 
first fear acquisition trial until 44 Mi” n 


seh 
returned to his home cage in a remote S pi, 
of the room for a 90-min. period during | d^ 
another animal was conditioned. Due ef 
rest period, S’s cage was completely e 
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with a heavy black cloth to maintain dark 
adaptation, Food and water were available. 

Generalization testing began 90 min. after 
the last fear acquisition trial. On all ac- 
quisition trials, the four inside panels of the 
conditioning box had been covered with a 
layer of white cardboard. These were now 
removed to expose the black frame and door, 
and the black surfaces of the three remaining 
compartment walls. To further attenuate the 
fear inducing effect of compartment cues, the 
grid floor was completely covered with a 
rectangular section of }-in. plywood, painted 
flat black. 

On each test trial, S was placed into the 
Conditioning compartment and, after 15-30 
sec., the door to the escape compartment was 
ad. When the door had traveled upward 
2 in., a microswitch simultaneously activated 
CS and timer. When the rat cleared the 
hurdle, the door was immediately lowered, 
turning off CS and stopping the timer. A 
Tubber stop prevented lowering the door all 


the way, le ga j-in. gap at the bottom for 
the ra tail (thereby encouraging E to 
al latencies). 


person 


E] 
Shorter and less variable r 
in the escape 


he rat remained 15-25 sec- pe 
Compartment and was then returned to his 
ome cage for 2 min. before the start of the 
next trial. If the hurdle was not aras 
within 60 sec. of the onset of the CS, the door 
was lowered and, after 15 sec., the rat was 
returned to his home cage for the usual inter- 
trial period. On such failures to respond, 
latencies of 60 sec. were recorded. Shock 
Was never administered on test trial. —— 
On Day 1, each S received 18 test trials, 
trials to each of three light intensities 
125, 7.9, and .5 ft-c. These values are equa 
Og units apart. Order of test stimuli was 
random within blocks of three. Shen 
Second generalization testing (Day no 
ži s is 
Eighteen test trials were 4 n go 
9n the next day, following the same = 
used on Day 1 generalization test trials. 
Control group.—ln order to Apo 
Whether latency differences reflecte isi 
ian in the noxious properties of bl T 
ight ji SES ather than amou 
ntensities, rat 5 consisting of 
Seven Ss was given 25 backward ap 
trials with the bright CS. ion a 
© same as for the COT 
oc 
seal group, except that CS onset 
in Sec. after UCS onset- 
tended to show whether fea 
ad occurred to compartment cues. 


gain admi 


determine 


TABLE 1 


ANALYSIS OF VARIANCE OF 
RECIPROCAL LATENCIES 


Source df F 
Between Ss 27 
Acquisition trials (T) I 1.55 
CS intensity (CS) 1 | 1.63 
x xcs n 
zrror (b) 24 a 
Within Ss (| C9 
Te timulus intensity (S) 2 | 7.59** 
a 30 2 |4.59* 
S * CS 2 | 5.48** 
SXTXCS 2 |144 
Error (S) 48 | (.0027)* 
Days (D) 1 | 3.54 
DXT 1 
DXCS 1 
DX TX ES 1 
Error (D) 24 | (.0189)* 
S XD 2|2.00 
SXDZXT 2 
SxDxOS 2 | 1.00 
BXDXI1xCS 2 
Error (S X D) 48 | (.0010)^ 
Total 167 


^ Error estimate. 
* p « .05. 
wp «0l. 


RESULTS 


On each test day, every S received 
six trials to each of three light in- 
tensities. Each of the six latencies 
was converted to its reciprocal, and a 
mean reciprocal latency for each light 
intensity was then computed for 
every S. This score became the unit 
employed in the analysis of variance. 

Table 1 summarizes the analysis of 
variance of reciprocal latencies. The 
significant S x T interaction indicates 
that the gradients for the 3 and 25 
acquisition trial groups diverged. 
However, Fig. 1 shows that a falling 
gradient is limited to the group 
receiving 25 acquisition trials. Means 
for test stimuli within this group 
differed significantly, F (2,48) = 11.58, 
p<.01. Mean differences for the 3 
acquisition trial group were not sig- 
nificant. In both cases, the error 
term used was the within-stimuli 


residual (Table i). 
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Fic. 1. Mean reciprocal latencies of the 
hurdle jump response to three test. stimulus 
intensities as a function of number of fear 
acquisition trials. 


Comparison of means at cach 
separate test stimulus revealed that 
latencies for the 25 acquisition trial 
group were significantly shorter than 
for the 3 acquisition trial group only 
at the level of the brightest generaliza- 
tion test stimulus, / (1,54) = 5.09, 
P <.05. The hypothesis of no differ- 
ence between means at the inter- 
mediate and dim test stimulus intensi- 
ties could not be rejected, F (1, 54) 
= 1.30, p » 25; F (1,54) — 1.23, 
P .25. The error term was the 
within-Ss residual, computed 
rately for each test stimulus inte 

Table 1 also shows a 
Sx CS interaction, indic 
ference in the form of the 
tion curve for Ss conditio 
bright as opposed to th 
Figure 2 shows a stee 
bright CS group, F (2,48) = 12.33, 
P < .01; for the dim CS group, the 
gradient was relatively flat, In the 
latter group, the mean square for test 
stimuli was smaller than 
mean square. In both 
within-stimuli residual CT 
the error term employed. 
CS group gave signific 
latencies than the dim C 
tested at the brig 


sepa- 
nsity. 

significant 
ating a dif- 
generaliza- 
ned to the 
e dim CS, 
p gradient for the 


the error 
cases, the 
able 1) was 
The bright 
antly shorter 
S group when 


htest stimulus in- 
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tensity, / (1, 54) = 8.56, p k 01, E 
well as at the intermediate poss 
F (1,54) = 6.03, p « 05. The dit 
ference at the dimmest test iter i- 
was not significant, For all compan 
sons the within- Ss residual, rompis 
separately each SIAN 
level, was the error term. — il 

To examine the possibility th f 
aversive effects of strong lumina 
may have accounted. for the ares 
gradient. shown by the bright xu 
group, gradients for the control gre es 
and the 25 trial, bright CS group “he 
compared. Figure 3 shows that A 
control group's gradient was ess P 
tially flat. A separate snos 
variance applied to these two grol sh 
is summarized in Table 2. Althgus 
the main effect for vertical displace 
ment was not significant, the | at 
cant S X E/C interaction indien, 
that light intensity, per se, was ng 
responsible for producing the o 
curves shown in Fig. 1 and 2. ack? 
long latencies obtained under ict 


for test 


ward conditioning procedures n 
demonstrate the failure of intraco" 
partment cues other than the Ga 
evoke hurdle jumping to any appre 
able degree, ce 
Having established the ocurren y 
of stimulus generalization for 58 € 
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of generalization 
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nce being the 
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STIMULUS INTENSIT 

Fic. 3. Comparison 

gradients for experimental ani 

(Both groups received 25 tria 

and shock, the only differe! 

backward conditioning procedt 
control group.) 


ditioned to a bright CS, data for these 
Ss were then examined for evidence 
of systematic changes in the form of 
the gradients within a daily session. 
Accordingly, the six trials to each test 
stimulus given each S on Day 1 w en 
Subdivided into three blocks of two 
trials each, The mean of each two- 
trial block became S's raw score for 
TABLE 2 


VARIANCE COMP.: 
Bricut CS GROU! 


'ARING 
ANALYSIS OF 
RIAL, 


wirH. CONTROL GROUP o 
ca Me scar al 
Source Peel 
ae 2 
5; 13 
s 
erimental vs. control am 
Error (b) 12 | C0789* 
Within Ss : . 80 — 
SS stimulus intensity (5) 2 [Eggs 
ESHS 2 agar 
) l fe 
ays (D) l 
E aS 12 (.0195)* 
S 2 
Bes ers 24 | (.0009)* 
“tror (S X D) H 


ay Etror estimate. 
? <.01. 


TABLE 3 


SEPARATE ANALYSES OF VARIANCE 
FOR THE BRIGHT CS Group 
on Days 1 AND 2 


Source df Dars 
F 
Between Ss 13 
Acquisition trials 
(T) 1| 2.00 1.22 
Error (b) 12 | (.1905)*| (.1976)^ 
Within Ss 112 
Test stimulus 
intensity (S) 2 | 2.76 14.76** 
SXT 2| 1.74 2.58 
Error (S) 24 | (.0089)*| (.0045)^ 
Trial blocks (B) 2|1.15 1.90 
BxT 2 
Error (B) 24 | (.0168)*/(.0115)^ 
SXB 4|2.70* 1.72 
SXBXT 4 | 2.00 
Error (8 X B) 48 | (.0030)*| (.0079)* 
Total 125 


a Error estimate. 
*p «.05. 
** p « 01. 


that block. Data for Day 1 were 
arranged in a 2 X 3 X 3 mixed design 
and an analysis of variance was per- 
formed ; number of acquisition trials 
(3 vs. 25) constituted the between 
variable, while test stimulus intensity 
and test trials comprised the within 
variables. The analysis was repeated 
for data collected on Day 2. Table 3 
shows the S X B interaction to be 
significant for Day 1 but not for 
Day 2. It is evident in Fig. 4 that, 
on Day 1, the gradient began fairly 
flat on the first trials but steepened 
sharply by the last trial block. 
Separate analysis of each gradient 
revealed that mean latencies to test 
stimuli differed significantly only on 
Trials 5-6, F (2, 24) = 3.94, p < .05. 

On Day 2, the F ratio for test 
stimuli indicates a significant gen- 
eralization effect (p < .001), but the 
form of the gradient no longer varied 
with trial blocks. Although Fig. 4 
tter gradient for the first 


shows a fla s 
ater trial blocks, the 


than for the | 


> 
a 


N 
N 
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Fic. 4. Generalization gradients as 


interaction mean 
significant. 


Square was not 


Discusston 


No evidence of generalization was ob- 
tained when the number of fear condi- 
tioning trials was small or when the CS 
intensity was dim. The most obvious 
interpretation of this result is that, under 
these conditions, no fear conditioning to 
the CS takes place. The long latencies 
shown in Fig. 1 and 2 are comparable to 
the latency scores of the control group 
in Fig. 3. 

Conditioning to the CS clearly occurs 
when both a bright CS and many 
acquisition trials are employed, as shown 
by the mean latency to the CS in Fig. 3. 
These conditions produced a generaliza- 
tion gradient which is essentially 
when plotted against stimulus int 
measured in equal log units. 
slope is in agreement with the findings 
of Brown (1942) and Miller and Greene 
(1954) for Ss trained at high and tested 
at lower intensities. The failure of the 
control group to show faster responding 
to the brighter stimuli indicates that the 
gradient shown by the experimental 
£roup cannot be explained on the basis of 
aversive properties of bright stimuli. 

The extent to which stimulus intensity 
dynamism affected the gradients shown 
in Fig. 2 is an interesting question. The 
low, flat gradients shown in Eig. 1, 9. 
and 3 do not Suggest the operation of 


linear 
ensity 
The steep 
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à function of test trials, following 25 fear 
acquisition trials on which 


à bright CS was used. 


These 


stimulus intensity dynamism. t the 


gradients do suggest, however, tha , for 
CS does not become an effective v (a) 
hurdle jumping under conditions © sity: 
few acquisition trials, (b) low ies 
or (c) backward conditioning -—. 
group). Hull's (1952) stimulus cs 5 
mism postulate may thus not app ndi- 
cues which have failed to become els 
tioned stimuli. If increasing UPS, 
intensity produces dynamogenic. ja edi 
only after a cue has been condition 2 
then the steep gradients shown in i 
and 3 may reflect both generalizat 
and dynamism effects. i 
The frequently reported stecpenin£ 1 
the gradient with increasing test A & 
(Brown, 1942; Wickens, Schroder 
Snide, 1954) occurred on Day 1. 1 
ever, comparison with the usua iza 
tinction-type procedure for genera act 
tion testing is complicated by E as y 
that, in the present study, secon 
reinforcement in the form © . te 
reduction operated throughout the wit 
trials, presumably extinguishing $ yer! 
as the trials progressed. More’.g 
whereas in the typical situation Lit of 
is at its strongest at the beginnin che 
testing and gradually weakens, first! 
hurdle jump response is weak at evel? 
rapidly rises to a maximum, and cond 
off or begins to extinguish on the 8€ jis 
day of testing (Goldstein, 1960; K ya. 
1954; McAllister & McAllister, 19° Gn 
1962b). Figure 4 suggests that 


ow’ 


x 
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Day 1, the effectiveness of the original 
CS in evoking hurdle jumping increases 
with the number of reinforced responses; 
as the effectiveness of the CS increases, 
the generalization gradient has an op- 
portunity to emerge. By the second day, 
the response to the CS remains at 
approximately maximum strength. and, 
therefore, no  within-session gradient 
changes are evident. 
Recent studies by 
McAllister (1962b) have shown that the 
hurdle jump response may become condi- 


tioned to apparatus cues as well as to the 


CS. Such conditioning would account 
Istein's (1960) 


for their finding and Gold 
that the hurdle jump response can be 
learned even if the backward condition- 
Ing paradigm is used in the fear condi- 
tioning trials. The lack of evidence for 
backward conditioning in the present 
Study may be due to our deliberate effort 


to change apparatus cues present during 
d the hurdle 


the fea itioning an 
5 ar conditioning 4 
Jumping test phases. 1n the McAllister 
and Goldstein studies, 
Compartments were Used 


McAllister and 


although different 
for the con- 


iti : sods ; were 
ditioning and testing periods, n va: 
Constructed to appear identical. in Mi 


rid floor was cove 
and the compart- 
ed from white to 


Present study, the g 
With a wooden panel 
Ment walls were chang i 

= en changes in visual ana 
tactual apparatus cues were appara 
sufficient to preclude conditioning O e 
€ar reaction to cues present during th 


test trials. veak 
Of some interest is the generally oe 
Conditioning obtained !^ the Fiitions 
Study, even under optimal con Re- 
(bright CS, many training trials). Aes 
Cent evidence reported by McAllister 2 


ng of the indicator "eSP? 7. -ig an 
ome delay between CON 
oe jump tests. In : 

8 occurred after a 1-day © M 
After a 2-min. delay. Studies reporting 
etter conditioning than nee 
Present study usually involve le jump- 
je tween conditioning and E. Kent, 
W (Goldstein, 1960; Kalish, The Q0-min. 
inen & Gannon, 1 a tudy may 
Slay employed in the present $ 


have been only partially sufficient (a) to 
permit dissipation of a “general emo- 
tional state" which might interfere with 
hurdle jumping (McAllister & McAl- 
lister, 1962a) or (b) for fear to “incubate” 
to an appreciable level of strength 
(Bindra & Cameron, 1953). 
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: y ae ae | 
To assess various interpretations of the paradoxical fac ilitating elte p 
assess vi ] doxical : aus ahd 
hock for the correct response on visual discrimination learning, 
E > 


performances of shock-right, shock-both, 


and no-shock groups were 


investigated employing a noncorrection procedure; it novel fae e 
S " " m nien ge ses i y 
group received both shock and food for "correct" responses and on 


food for “incorrect responses, 


Efficiency of performance, beginning 


with the poorest group, was food-both, shock-right, shock-hoth, and 
no-shock, the difference between any 2 groups being statistically sig- 
nificant except for comparison of the shock-both and no-shock groups. 
The data support an avoidance rather than a cognitive-perceptual inter- 
pretation of the effect of shock and delimit any generalization of a 
facilitating effect of shock for the correct response. 


The present study was designed 
to assess alternative interpretations 
which have been offered to account 
for the paradoxical facilitating effect 
on discrimination performance of 
shock for the correct response. These 
interpretations have included the 
following: (a) punishment serves to 
slow down the animal at a choice 
point, making it more sensitive to the 
discriminanda (Muenzinger, 1934; 
Muenzinger, Bernstone, & Richards, 
1938) ; (b) punishment may be helpful 
as an “emphasizer”’ or detrimental as 
a “distractor” depending on the way 
it influences the learner's perceptions 
and cognitions (Hilgard, 1956; Tol- 
man, Hall, & Bretnall, 1932); and (c) 
punishment, serving as a differential 
cue, may act asa secondary reinforcer 
(Freeburne & Taylor, 1952). 

: In an attempt to assess the last 
interpretation, Freeburne and T. 
(1952) trained rats on à discrimina- 

! This study was initiated by Richard C. 
Hall during his tenure as a National 
Foundation Predoctoral 
completed with partial 
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undation grant, No. 


ischner and H, Fowler, 


tion task which involved shock for 
both correct and incorrect responer 
The superior performance of t 
shock-both group, relative to @ » je 
shock group, was interpreted as € 
porting a “sensitizing” function = 
shock. However, Prince (1956) bowl 
tioned these findings on certain met i 
odological grounds, and, in his study 
obtained no difference betwee" 
shock-both and no-shock group. o 
Because of the equivocal findings "° 
lating to the shock-both condition, 4? k 
other data which indicate that shor ^ 
for the correct response retards os 
formance (Wischner, 1947), perio! ith 
ance retardation being greater » 
stronger shock intensities (Wischt^- 
Fowler, & Kushnick, 1963), the P he 
ent study attempted to reassess an 
performances of — shock-right | “red 
shock-both groups. Also consic™ ep 
was a new, food-both group e 
received shock for the "correct. nd 
sponse but food for both ‘correct , t0 
"incorrect" responses. Accordi"? .;, 
the cognitive-perceptual and sen? ck 
ing interpretations, all three 9" or 
groups should show equally suP* 
48 
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performance relative to no-shock 


controls. 
METHOD 


Subjects 

The Ss were 28 naive, male albino rats of 
the Sprague-Dawley strain, about 80-100 
days old at the start of the experiment., The 
Ss were maintained in individual cages m the 
experimental room under controlled tem- 
perature and an artificially illuminated day- 
night cycle. 


Apparatus 

The apparatu sed T maze, 
with a stem 20 in. long, cach arm 22 in. long, 
and each goal compartment 11 m square. 
The height of the maze was uniformly 4 in. 
and the width of the stem and arms 23 in. 
The initial S-in. portion © the stem W 
separated from the remaining portion by : 
guillotine door and served as the start com- 
partment. Guillotine doors were also post- 
tioned 3 in. from the cen 


ter of the choice 
i » goal end of each 

point in each arm and at the goal end ¢ 

arm, 


The stem and 
two L shaped strips of g ve wall and 
One L shaped strip serv! » a as the 
half of the floor; the other L SPP wall 
other half of the floor § ] the ot ie n 
with the two strips being separated ‘ 
floor by a }-in. gap- = Coe 
had a galvanized sheet metal s 
Plexiglas walls painted white except fo T 
far wall A frosted bulb (7 W^. located 
enclosed in a metal reflector, T Seil at 
outside and directly behind n bus és i 
each goal; in front of the we” in diameter. 
clear Plexiglas food well, 1 e gue of cach 
Clear Plexiglas also served as the 


Is was an enclo: 


constructed of 


arms were 
d sheet metal. 


alvanize 
ed as o 


floor anc 


maze section. Jing system 
A matched-impedance pr^ > sec. 
; : -cps ac : 
delivered a single 60-CP5 istor to the two 


through a 25-megohn A 5 
metal strips compris n ts feet 
Thus, S received shock as long as ! 

were touching both halves of t 
narrowness of the arm p! t the floor- The 
running along only one side H 
Shock could be administered 
maze arm by E's operatio! 


ofa microswitch. 
n of à 


Procedure ding 


The procedure included e f'pror t? 


and training phases. 


iai " an 
Pretraining, Ss were started 


for the duration of the experiment on a daily 
diet of 12 gm. Purina lab checkers, with water 
available ad libitum. During this week, each 
S was handled daily for about 5 min. 

] During the pretraining and training trials, 
Ss were kept in individual compartments of 
a hardware cloth detention cage. Prior to S’s 
daily run in the maze, which took place 
during the dark phase of its day-night cycle. 
S received about 5 min. adaptation to the 
illumination conditions of the experimental 
room. During the pretraining trials, S was 
run only under general, overhead room 
illumination; during the training trials, when 
one or the other of the goal lights was on, the 
only other source of illumination was a 15-w. 
flourescent lamp positioned 2 ft. above and 
3 ft. behind the choice point of the maze. 

Pretraining was administered to reduce 
possible position preferences and to habituate 
S to the apparatus. No shock was ad- 
ministered during this phase. For pretrain- 
ing, each S received a total of 10, forced, 
reinforced trials, 5 per day, randomly dis- 
tributed with the restriction that half of the 
trials were to the left goal and half to the 
right. Forcing to one or the other goal was 
accomplished by lowering one of the guillotine 
doors at the choice point. The reinforcement 
provided per trial was a single P. J. Noyes 
sucrose pellet (4 mm., 45 mg.). On each trial 
S was detained in a goal compartment for 1 
min. and then returned to the start compart- 
ment for the next trial, the interval between 
successive trials within a day being about 30 


sec. 

Training began on the day following 
termination of pretraining. For training, the 
28 Ss were randomly igned to four groups 
of 7 Ss each. During training, all Ss received 
free-choice trials with one or the other of the 
goal compartment bulbs being illuminated on 
each trial. On each trial, Ss of three groups 
received both food and shock for selection of 
the lighted “correct” goal; however, for 
selection of the unlighted, "incorrect" goal, 
one of these groups received only food, 
another only shock, and the third neither food 
nor shock. These groups will be referred to 
as the food-both group (SF-F), the shock-both 
group (SF-S), and the shock-right group 
(SF-O), respectively. The fourth group 
(F-O), a no-shock control, received only food 
for selection of the lighted alley and neither 
food nor shock for selection of the unlighted 


alley. 


‘All groups received 5 trials per day for 
the first 20 training trials and then 10 trials 
thereafter. Throughout training 


per day 
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Fic. 1. Group mean errors over blocks 
of 30 trials. 


and for all Ss, the right-left position of the 
lighted goal was LRRLL RLRRL 
10s of trials, and LRRLR LLRRL for odd 
10s of trials. On any training trial, food 
reinforcement was a single P. J. Noyes sucrose 
pellet (4 mm., 45 mg.), detention time in a 


goal 1 min., and the interval between succes- 


sive trials within a day, about 30 sec. During 
Trials 1-20, the intensity of shock was 58 v. 
as measured across the output of the trans- 
former; thereafter, the intensity was increased 
to and maintained at 65 v. for the remaining 
trials. Shock was administered when .S 
reached a point midway down a maze arm. 

Each S was run until it met a criterion of 
19 “correct” choices on 20 consecutive trials 
or until a total of 300 trials had been com- 
pleted. Since food was available for the 
SF-F group in both goals, the criterion of 
learning for these Ss was 19 choices on 20 
consecutive trials of either the lighted or the 
unlighted alley, but not both. 


for even 


RESULTS AND Discussion 


300 trials of the ex 


in training, mean error: 
groups were at 
performance. 


both the SF-S and F.O 


indicated by an analvsis of varience 
'an errors over the entire X 
group mean errors peaches or dif- 
training trials, these perfor -— 24) 
ferences were highly reliable, F (S ‘an's 
= 24.9, p < .001. Further, pines? 
multiple-range test shows that a 
difference between any two gro 05 
was statistically significant (p € os 
in every case) except in the compa 
son of the F-O and SF-S groups. 
These findings seem to be more m 
accord with an avoidance rather thar 
itizatton interpretation O 
perceptual-sensitization interpr the 
the effect of shock. According z rol 
avoidance conception, S learns to av i 
those cues associated. with shock p 
Wischner et al, 1963). Thus, ee 
shock-both (SF-S) group, the experi 
of shock in both the lighted and vo 
lighted alleys led to a campan od 
avoidance of both alleys, with the AE 
reinforcement in the lighted alley p 
the primary determinant of cho n 
For both the shock-right (SF-O) vlt 
food-both (SF-F) groups, on the oF re- 
hand, shock administered only fot an 
sponse to the lighted goal led to "d 
avoidance of that goal, with selection ip 
the unlighted alley by the SF-F grani 
being augmented presumably by the foot 
reinforcement also obtained in that al ley 
Thus, by the end of training, the 5 pe 
Ss were responding solely to the n9 
shock, unlighted alley. i PER 
One might argue that a cogniti a 
perceptual or sensitizing interpretat?, 
of the present data is also tenable, W 
it assumed that the shock intensity y 
58-65 v. employed in the present at 
is so intense as to produce “percep AT 
distraction" rather than “emphas! he 
Thus, the inferior performances of te) 
shock-right (SF-O) and food-both (SI ms 
£roups would be expected. It sean 
however, that this interpretation * he 
requires a marked disruption 1n ) 
Performance of the shock-both (fer 
group. The lack of a significant cps 
ence in performance between the 


na 


+ the 
and F-O groups, together with ince 
comparable data reported by "hat 
(1956) for these i 


groups, suggests 


pem 
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the cognitive-perceptual interpretation 
is not altogether tenable. Moreover, it 
would appear that the shock experience 
provided S in the present study was not 
intense, but relatively mild, considering 
the fact that the shock stimulus was 
always a brief .2-sec. duration, as con- 
trasted with the uncontrolled and vary- 
ing shock durations typically employed 
in other studies. Also, with the matched- 
impedence shock system used, S's thresh- 
old of reaction to shock is obtained at 
about 30-40 v. (cf. Campbell & Teght- 
soonian, 1958). 

It is concluded that the present 
findings, the comparable data reported 
by Prince (1956), by Wischner (1947), 
and more recently by Wischner, Fowler, 
and Kachnick (1963) support strongly 
the avoidance interpretation of the effect 
of shock in discrimination learning, 
thereby delimiting quite clearly any 
generalization of a acilitating effect of 


shock for the correct response. 
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e stimuli, (s, 4- 52) 
responded to cach Stimulus pre 
keys, Aror A». If 7i is the 
presented then v; = 
were differentiated b 
reinforcement event followed the 


1.0 and x, 


compound stimulus in terms ofr 
Model I postulates 
sumes that the influence of c. 
the likelihood that it elicits 


the response to the compour 
that is most frequently reinforcec 
the best account of these data, 


A central issue 


in many current 
theories of lez 


arning deals with the 
problem of predicting behavior in the 


à new stimulus compound 
that is constructed by combining com- 
ponent stimuli on which S has had 
previous discrimination training. Ag 
an example of the type of problem we 
have in mind, consider à situation 
Where on each trial § js required to 
make either an ‘li oran 4 

» after training, he te 


a 


e are pre- 
Obviously: the 
making -l1 to the 


compound stimulus (tone + light) 
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sentation by 
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:33 for all S. 
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ak the values 
Presentation of 
lictions for resp 
esponse prob; 
à simple avera 
ach component s 
a correct response, 
id is determined 
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-lngeles 


mpounding was conducted using Sth- and 
On each of 


stimuli, TN) 


» Gi + sa), (s. + 


a series of 960 discrete trials, 

Or sy, or with a compound of 
s. Or (s + sa 4 The S 
selecting 1 of 2 response 
Ai is reinforced when s, is 


5. 


Sa). 


3 experimental groups 
-25, .50, and .75. No 
a compound. — 3 models 
nse probabilities to a 
ibilities to the component 
sing rule. Model 11 as- 
timulus is proportional to 

Model HT assumes that 
solely by the one 


component 
It was found that 


Model II gave 


n 
will be at least partially dependent © 
the values of Peand p In Hi 
general psychological considerati ns 
there are several plausible Bugs, 
Pu to p, and Pr; the el 
aper is to determine onl 
functions provides the best ć 
count of data colle 
experime 


relating 
of this p, 
these 


‘on 

‘ -odictio! 
cted in a predic 
nt using young children. 


The experiment 


| 
" involves * 

al situation involV 
series of 960 disc 


rete trials for each g 
he trials are of two types: learning t! are 
and test trials. Learning trials eo 
initiated with the presentation of Paine 
three comparable but clearly dis so 
stimuli; these stimuli are denoted BN He 
and s, The S is required to miake ia 
of two responses (A, or A 2) and the fis 
is then terminated with either an Z1 OT. 
reinforcing event. The occurrence O nse 
means that A; was the correct ieee - 
for that trial. The schedule for p 
ing reinforcing events on learning E. si 
is specified by the Parameter 5,; whe! 
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is presented an Æ, occurs with probability 


z; and an Ey with probability 1-7; 
Interspersed among the learning trials 
are test trials. On test trials one of the 
following four stimulus compounds is 
presented : (si + s2) (si + 53), (s2 + 53). 
or (s, + se +s). The S is required to 
make an A, or Ale response to the 
presentation of the compound, but no 
reinforcing event is given- 

We shall consider three models that 
yield predictions for responses in the 
presence of a stimulus compound. Let pi 
denote the probability of an A, response 
to the presentation of si; Pü the prooi- 
bility of 4, to the presentation of the 
compound (s; + sj); an piss the proba- 
bility of 4, to the compound (si ss 59- 
The three models to be dered are as 
follows: 


Model I 
bum e[3p E edit 
Pisa = wo} (pit Pet P 


derive 


consi 


(1-795 
1 
07297 
d from models 
A d by 
of discrimination learning propone eas 
Schoefüer (1954). (1963) and 
(1957), Atkinson and Es dw, han 
others. The first p* H 
side of the equation 
component stimulus co 
in determining the response © f 
Pound; i.e., the probability o 
response to the compound (51 


Simply the average 9 F 
quation 


at there m pris 
that responding in 


s com- 


[1] 


This hypothesis is 


regression toward 
the presence of 2 
Pound. The parameter 
two effects and we assume th 
of w is the same for all $ 


Pounds. 
Model II ] 
" l 


i 
e€ 
qe 
> 

+ 
n 
+ 
E 


Pry = M [senes] 


t 


where c; = piri + (1 — pi)(1 — x) and 
is the probability of a correct response 
(4,£, or AsEs) on a trial when s; is 
presented. Here we assume that the 
influence of each component of a new 
compound is proportional to that com- 
ponent's relative likelihood of eliciting a 
correct response on previous trials. For 
example, if sı has elicited more correct 
responses than s» On previous learning 
trials, then the response to the com- 
pound (sı + sa) will be more influenced 
by the s; cue than by sa The present 
hypothesis can be derived from an ob- 
serving-response model (Atkinson, 1961) 
or from a perceptual-process model for 
discrimination learning (Atkinson, 1960). 
Again, as for Model I, we assume that 
with weight 1 — w there is a tendency 
to regress toward random responding in 
the presence of a new stimulus compound. 


Model 111 
_ fotit a 79 if ci cj 
P^ opit —w)}, if cj? ci 
[3] 
epi (1 —w)}, if c7 cs and cs 
pis” wpe + (1 —w)h if >c and es 
Uant —w)}, if cs» ci and ee 


(When equality holds in the relations 
among the c/s, then apply Model I.) 
Here we assume that the response to a 
stimulus compound is determined solely 
by the single component cue that has 
been most frequently associated with a 
correct response on previous trials. For 
example, if sı has elicited more correct 
responses than ss, then Pis = pi. Again, 
as for both of the previous models, we 
assume that with weight 1 — « there is 
some regression toward a chance response 


level. 


To illustrate predictions for each of 


these hypotheses consider a case in which 
Q and 7: = -50. Further, assume 
1 and that after a large number 

ials ps approaches a fixed value of 1, 
ys f value of 50. Then c = 1, 
ga = DO and the predicted value for fi» 
mr pe OLE — she Model T, 
5 Model II, 


mal. 
that e = 
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and 1 by Model III. It should be 
remarked that the only research we are 
aware of that utilizes an experimental 
methodology directly relevant to an 
evaluation of these models is that re- 
ported by Schoeffler (1954). However, 
in his study the particular parameter 
values employed generate identical pre- 
dictions for all three models. 


METHOD 


Subjects and apparatus.—The Ss were 48 
children (26 girls and 22 boys) from the 
elementary school at the University of 
California, Los Angeles; all .Ss were in the 
fifth and sixth grade. They were randomly 
assigned to three groups with 16 per group. 

The Ss were run in subgroups of two or 
three with each S seated in a private booth, 
The apparatus, viewed from within S's booth, 
consisted of a shelf at table level that was 30 
in. wide and 10 in. deep. A panel 30 in. 
wide and 28 in. high was mounted vertically 
on the back edge of the shelf. Three signal 
lights (the 5; stimuli) were in a horizontal 
TOW, centered on the vertical panel; the lights 
were 15 in. from the base of the panel and 
were spaced at 2-in, intervals. Two silent 
Operating keys (the A rand A, responses) were 
each mounted 2 in. in from the front edge 
of the shelf; these keys were 14 in, apart. 
One inch behind each of the keys was mounted 
a white frosted Panel light (the E, and E, 
events). 

Experimental design.—Each .S was run for 
960 trials. In consecutive blocks of 96 trials, 
there were 72 trials 
occurred equally often 
trials the compounds 
(s2 + sa), and (s, + s, + 
Thus, for example, in every 96-trial 


block s, was presented 24 times ang (51 + s2) 
was Otherwise, the 


lus events was 
randomly determined for each S. 


€ response keys, 
Procedure.—For each 5 one of 


This is an experiment to tind out ea 
good you are at guessing. It may He ku 
much. like other guessing games M card 
played before. Take a look at the Si 
in front of you. One or more of pde 
lights go on every few seconds. = each. 
the two buttons with a light over s or 
When the experiment starts, and pi to 
more of the top lights go on, you at wil 
guess which of the bottom two Ee aod 
follow. You do this by pressing the et 
under the light you think will talline. d 
you think the left light will go on, pe 
left button; if you think the right Adr 
Eo on, press the right button. Pun go 
as soon as one or more of the top lig ite 
on, press the button on the side on rs Bo 
you think a light will go on, and ko pe 
many times you can guess correctly. top 
sure to mak your guess as soon as pun a 
light or lights go on. If you are PE ve 
light will go on over the button you all go 
Pressed. If you were wrong, a light en? 
9n over the other button. Try to Meme 
many correct guesses as possible. $ it 
times no light will appear over nde a 
button, but still you should have maret 
guess because you may have been co pm 
You will not know which one was ls sure 
but we are still keeping score. Now tight 
to press the button as soon as the PP 
or lights go on and try to get as T ress 
correct as possible, but be sure to Pail 
one button every time. Are there ? 
questions? 


her 


Questions were answered by paraphrasing 
the appropriate parts of the instructio 
Following the instructions, 240 trials od 
run in continuous Sequence, This was estr 
lowed by a 5-min. rest period. After the rE 
240 additional trials were run. All Ss her 
required to return the next day and ano’, 
480 trials were run with a 5-min. 


2 Thus 

between the first and last 240 trials. 7 

each S was run a total of 960 trials. ó was 
On all trials the signal light (or lights) * e 


lighted for 3 sec. ; the time between sucer. t 
signal onsets was 6 sec. The E; or Æ: wing 
Gf lighted) went on immediately follo 

the offset of the signal light and remaine a id 
for 2 sec. The presentation of stimulus 2^ 
reinforcing events and the recording 
responses were automatically controlled. 


RESULTS AND Discussion 


: jit 
Mean learning curves and asymp ig 1 

results. —The top panel of Fig- e 

Presents the proportion of 4i 
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Fic. 1. Proportion of A1 responses 
on s; trials. 


sponses on s, trials in successive 96- 
trial blocks. For each S the propor 
tion of A, responses on 4; rials was 
tabulated for a 96-trial block, an 

these quantities were averaged over 


Ss. Similarly, the middle and bottom 
panels of Fig. 1 present the proportion 
of A; responses On s» and s; trials, 
respectively. In all three panels the 
curves appear to be reasonably stable 
over the last three or four blocks of 
trials; consequently proportions com- 
puted over the last 384 trials will be 
used as estimates of asymptotic 
performance. 

Tables 1, 2, and 3 present the ob- 
served values of the probability of an 
A response over roughly the last 384 
trials to the individual stimuli and 
also to the stimulus compounds. 
Specifically what is presented is the 
proportion of 4, responses to the 
individual stimuli for the last 100 
presentations of each stimulus; simi- 
larly, the proportions for the stimulus 
compounds are based on the last 25 
presentations of each stimulus com- 
pound. 

For all groups the reinforcement 
schedules are the same for the s; and 
sə stimuli, and this similarity is re- 
flected in the observed mean values of 
hi and pe given in Tables 1, 2, and 3. 
There are no significant differences 


TABLE 1 
OnsERVED PROPORTIONS FOR SS IN Group 1 

pn ps | ^O man [mam | eq) | eap | edt 

pi 
sin | aje 7238 1E | 027 | -088 | 1.000) 696) 280 
1 1.00] .52 | 20 | $3 64 | 35 | 752 | 152 | 08 7148 |1.000 | 1.000 | .440 
2|100| 07 | 23 | 72 80 | 43 | ;52 | 042 | -006 .057 629 “soe D06 
3 | rool 16 | 14 | -£ i4 oa, | 48 | .037 | -009 ‘071 ES E kis 
4| :99| ‘os | 04 | 35 30 | uo | .60 | 027 003 | 036 | 1.000 T d 
5 | ‘o7| a1 | 25 | 12 d 4o | 44 | -047 1039 072 818 36 E 
6| :99| 4s | .08 :68| -56 | “56 | .72 | .080 .076 -069 ES 255 is 
7| 7) 37 | 32 | 36 532 | $9 | ‘60 | .051 | -022 085 | 000, 1.000 Eo 
8| ‘oo| 32 | 19 | -84 64 | 34 | 164 [.030 | -003 3; | 813 7 E 
9 | i00 | 26 | 57 | -88 76 0 | 76 | 413 056 | :098 | 1.000) 1. d 
10 | ‘og | 38 | .67 | 68 1.00 | 45 | 1.00 | .373 "313 033 1:000 1:000 i 
11 | ‘97 | 21 | 08 |120 1.00 | -30 | <60 | -025 .004 -037 338 , 90 p 
i2| ^ : “95 | -12 .64 ‘og | .20 152 | -169 490 | 1:000 | 1.000 En 
13 .99 30 03 | -68 24 | ^g | 152 | -008 .006 001 098| 093 ue 
14 97 | .25 ‘44 | -52 52 | os | 48 | 105 .042 “124 988 983 oo 
$i | of | 22] $6] #4 | 36 “033 | 017 |: -986 |. 985. -36D 

3 f f AE 

Es DE | Fa | 5 82 | .055 | .079 | -789| -721| .287 

m| og| 29 | 25 | 695 7 
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TABLE 2 
OBSERVED PROPORTIONS FOR SS IN GROUP 2 = 
L—————————————— > Á zeli 
5 pi pr pa | pi pu | pu : m) | maD [mn] et) | ai) pede 
al m Rui 72| 746] .383 
72 | 44 | 64 006 |.020 | .978| .746| . 
? rn 35 5 84 | .92 | .68 23 | 156 | 1:000 | 981 Ed 
3 100| 26 | a1 80 | 32 | [gg | 062 | $049 | 1.000 | .oso 000 
1|100| 53 | 35 38 | .24 | (36 480 | 180 | 001, .001 oot 
5| .99| 10 | 105 1.00 | .60 | “92 -MS | 141 n000 1000 | -857 
6| :97| ‘63 | 49 56 | .52 | ‘60 O14 16 | 1333277) 2H 
7 93 31 56 68 | 52 | .52 | .108. | .122 | .599 ES] 
8 | 1.00 | |34 52 72 | 48 | .60 | (017 0.030 S46) 047 p 
s oe Ee 09 88 .36 16 .274 | .239 | 379 E^ eb] 
1.00 | 01 | 145 1.00 | .12 | 156 .069 | .181 | 1.000 | 1.00! “340 
" 1.00 | ‘91 | .75 92 | .80 | 92 | | .012 | .043 | 1.000 1.000 Tis 
12 | :92 | .30 | .39 72 | 24 | 60 .077 | M3 1.000 | 942 | 2a 
13 | 1.00 | |35 | 162 48 | 60 | gi [-200 | .200 | <001 | 001 | -001 
14 | :99| 19 | 43 72 | 40 | (56 018 | 049 | 1.000| .534 SH 
15 | .99 | .30 | .22 52 32 | ad ‘057 | 063 | 191 086 E. 
16 | 100 | 07 | 48 72 | 32 | 56 ‘017 | 2055 | 16) 074) 2 
3 | .67 S |o ! IT S16 | .376 
9 | 67) 22 | 45 | 6 M | nn .616] - 
M | .98| .33 | .49 7 7 : 5 jl 086 | 104 E IE D 
TABLE 3 
OBSERVED PROPORTIONS FOR Ss IN Group 3 
=o — — 
S hi p: pi bi 


pn hu Pin m) | mOD mill) | wil) 


1] 1.00} .11 89 | .68 .92 04 76 | .003 | .052 .076 .944 
2 | 1.00 | .56 | .86 88 84 76 -68 | .079 | .070 | (054 191 
3 | 1.00 | .08 | .97 -12 -88 E 76 | .106 | .081 | .126 -784 
4 99 | 30 | .97 | (64 16 60 -68 | .031 | .005 | “048 .710 
5 :99 | .30 | .42 | ‘44 36 36 -36 | .120 | .120 | 1120 .001 
6 | 1.00 | .03 | .97 | .60 84 36 92 | .133 | 110 .195 -701 
7 |1.00| .14 | .95 | (56 EP 5 
8 
9 
0 
1 
2 
3 


56 -60 | .019 | 015 | 048 -463 
1.00 | .14 | .95 -60 Ja -76 -60 | .079 | 066 | .073 463 
1.00 | .52 | .68 | .84 .88 56 72 


: 043 | .030 | .056 1.000 
1 -97 | .60 | .96 | .80 | “88 .84 -72 | .060 | .047 | ‘052 817 
1 94! .38 | .69 | .76 | 152 56 -72 | 118 | 091 | “069 1.000 
1 96 | 37 | .89 | 84 8+ .84 24 | .224 | 212 | 7163 .800 
13|1.00| .42 | 49 | /56 56 48 32 | .008 | 010 O13 | 245 
14 | 96| .24 | .75 | (56 -60 EY 32 | .019 | 016 | .023 .282 
15 | .98| 15 | 94 76 | .58 .28 32 | 123 | 122 | 133 A74 
16 | .99| 39 | 91 72 | .80 56 72 | 044 | 027 | (054 .667 
M | .99| 30 | 83 -68 | .73 4 .6. 


3 |.081 | .067 | .081 .615 


among the three groups on 


in 
the pı probabilities Pix Pin es and fuss 
measure, F (2,45) = 


05, or the p, terms of Pi, ps and py As indir 
measure (F = .24). In contrast, the earlier, we assume (for all three mo ect 
differences among the three groups on that there may be a regression CY 
the 55 measure are highly significant associated with the introduction of 
(F = 37.72) reflecting the effect ofthe stimulus compound. This "agp. 
75 Variable. effect is defined by the parameter w, the 
we must estimate w separately under 
Theoretical analyses.—We now turn to 


ti 
ae assumptions of each model, The a 
the problem of predicting the compound mate of was made for individual 5$ ; 
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a method that is equivalent to a least 
squares procedure. Specifically, let 
Pi(w: I) be the prediction for stimulus 
compound (s; + 5j) generated by Model 
Tas a function of w; e.g 


bulo: 1) = of }(pr + 991 (7 9 
observed 


where f, and ps denote the r 
Phen 


proportions for a particular S: 
for each S we define the function 
mG; 1) = tito: D — bel 
+ | pisCes | bial 
+lpzle; D — bail ] 

+ [piste : D — posl i 
Where the f,,'s are the observed propor- 
tions on the stimulus compounds. The 
quantity m(w; D) gives the average 
absolute difference between the pre- 
dicted and observed values 25 a function 
of w. For each San w Was selected that 
minimized the function mlw; D: this was 
done by computing the function for 
w = 001k (k = 0-1,000) on à high-speed 
digital computer and selecting the w that 
gave the minimum value. The Lege 
Value of the function is denoted m( 
and the value of w associated with. the 
minimum is called e(D- Using precisely 
the same methods, We obtain m D. 
e(l), m(IID, and (I1) for cach : 
under the assumptions of Models II anc 


HI, respectively. 

s of w and the 
; value of m) 
x i aaa For a 
are given in Tables 1, a he model 
Particular S one can select the r 


Individual estimate 
corresponding minimun 


TABLE + 
y THE THREE 


Pairwise Comparisons O Te 
MINIMUM OF 1 B 


MopELS ON THE 
Models II 


Models I Model; I and lil 
t and II and H 
Group MEER Bud. aed 
I 
= 1 H 1 "n aM i 
EO E EEN : 
1 1 | 15 | 10 6 n 3 
2 Ar IFIEIL IE 
3 EET Like 
s | S| eed - 


an 
- 


TABLE 5 


OBSERVED AND PREDICTED PROPORTIONS 
ror MopELs I, II, AND III 


Group | Model | 2i: D pu dion 
l 61 58 31 

1 I 66 .63 31 E 

I 61 .64 40 64 

Ob 69 .65 31 58 

I .60 .68 ELI 57 

5 I .64 .70 44 61 

P Ill 68 .68 43 68 

Ob .67 72 45 61 


l so | .76 | 56 | -64 
y | g 6k | 26 | «32 | «67 
i my | :70 | .70 | <65 | .70 
Ob | 168 | .73 | 57 | -63 


that provides the best fit; i.e., the 
model that gives the smallest average 
absolute deviation. For example, the 
first S in Group 1 has the values 
m(1) = .04, m(11) = .03, and m(II1) 
= .08; for this S Model II gives the 
best fit, Model I is next best, and 
Model IHI provides the poorest fit. 
If the information presented in Tables 
1, 2; and 3 is tabulated in this fashion, 
then for Group 1 the best fit is given 
by Model II for 12 Ss, by Model III 
for 3 Ss, and by Model I for 1 S. For 
Group 2, the best fit is given by 
Model 11 for 9 Ss, Model III for 3 Ss, 
and Model I for 4 Ss. For Group 3, 
Model II is best for 11 Ss, Model III 
for 3 Ss, and Model | for 2 Ss. Com- 
bining results for all three groups, 
Model 1I gives the best fit for 32 Ss, 

Model III for 9, and Model I for 7. 
Possibly à better comparison is 
provided by considering the three 
models pairwise on m(-) for individual 
Ss; ies comparing Models I and II, 
then Models II and Il, and finally 
Models I and III. Again these com- 
parisons can be made by inspecting 
Tables 1, 2, and 3. Table 4 presents 
f such an analysis. As we 


he results 0 
Model 11 is better than Model I 
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for 41 of the 48 Ss and Model II is 
better than Model III for 32 of the 
48 Ss. In terms of these tabulations 
Model II is clearly the best predictor 
among the three models. 

Table 5 presents the average of the 
observed 5;;'s and also the theoretical 
values for the three models. Pre- 
dicted values for each .S were com- 
puted (using the estimates of w given 
in Tables 1-3) and the averages of 
these values are presented in Table 5. 
An inspection of Table 5 suggests that 
Model II provides the best account of 
our data, but even for this model some 
sizable discrepancies exist between 
observed and predicted probabilities. 
To obtain a direct measure of the 
overall goodness of fit one can puruse 
the values of m(I), m(1I), and m(11I) 
given in Tables 1-3. An average over 
all 48 Ss yields the following values: 
m(l) = .089, m(II) = .069, and 
m(lll) = .088. Here again, the sta- 
tistic favors Model II and indicates 
that the absolute difference between 
predicted and observed quantities 


over all Ss was on the average 
about .07. 


In evaluating the fit of Model II, we 
also are interested in the obtained esti- 
mates of w. In theorizing about any of 
the models examined in this paper, one 
would prefer to assume that w is deter- 
mined solely by the characteristics of the 
component stimuli plus background stim- 
ulation associated with the particular 
experimental situation, and is independ- 
ent of other factors. This statement does 
not mean that we postulate no individual 
differences in o over Ss, but only that 
variations in w should be independent of 
reinforcement schedules and stimulus- 
Presentation schedules. This independ- 
ence assumption and its implications for 
behavior theory are discussed in con- 


siderable detail elsewhere (see the section 
on stimulus compounding in Atkinson & 
Estes, 1963). For the present study, the 
above comments require us to predict no 
difference in the values of w over the 
three experimental groups. By inspec 
ing Tables 1-3 we note, for Nip T 
that the mean values of w were 44% 
.616, and .595 for Groups 1, 2, and 3 
respectively. An F test on these at 
groups of w estimates yields a ratio of e 
which does not approach significance 
with df — 2/45. ' -— 

In terms of the above consideratio a 
it appears that Model I provides pi 
best fit to our data and that the regres 
sion effect characterized by the paran 
eter w is relatively constant over dinga 
reinforcement schedules. Unfortunate * 
even for Model II there are some fair? 
large discrepancies between. theory on 
observation. "Thus, it seems that othe 
models for stimulus compounding naa 
to be examined and it is for this sean 
that we have presented our obser d 
results for individual Ss. It is our "o 
that these data may prove useful 
new models. 
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We studied the effect on 
threshold. determinations cau 


probabilities. A mod 
sults indicate that à simple 
cannot account for these data. 
can do as well as signal det 


Psychophysical measure of the 
taste threshold often yield discrepant 
results, Píaffman (1951) has SUE 
gested that these discrepancies may 
be attributable toa number of factors, 
including the techniques used for 
applying the stimulus, the procedures 
Or arranging the contingencies be- 
tween the stimulating conditions and 
responses. Other factors that affect 
these results include sensory adapta- 


aon (Hahn, 1934), and 
S body chemistry (Goetz 
i mes 1950; Hammer, 
ross & Walker, 1946; Yensem ^i. 
mong the specific stimulus varia les 
found to affect the threshold 
ix duration of stimulation (Bujas, 
pot Bujas & Ostojcic, 
e temperature © the § 
(Hahn, 1936). , 
Vis the course of st 
ermination many m 
Plying the stimuli have 
ese range from te 
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Now at Rutgers University- 


ified method of cor 
threshold theory with c 
A more sophisticated threshold theory 


ectability theory. 


false alarms and correct detections in taste 
ised by variations in signal present 


ation 


nstant stimuli was used. Re- 
orrection for guessing 


affect the entire surface of the tongue 
to those that stimulate specific areas. 
Woodworth and Schlosberg (1954) 
report that methods of stimulation 
that involve large areas of the tongue 
yield the lowest thresholds. Because 
an absolute threshold is the bottom of 
a sensory continuum, methods that 
vield low threshold values are pre- 
f The sipping procedure is 


ferred. 1 

simple and also gives low absolute 
thresholds; it is a widely used 
technique- 


In Table 1 we show a summary of 

nods and their results for a 
sample of previous behavioral studies 
that have attempted to determine the 
absolute sucrose threshold for human 


MS various methods yield thresh- 
olds that differ by as much as a 
factor of 3, and therefore it would be 
surprising if the experimental results 
d in one laboratory could be 
- another unless exactly the 
dure were used. In addi- 
ety MO te published reports it is 
‘ell whether results can 
in terms of detection 
TN Richter 

an and Blum , Richter 
that Fabian S (1940), and Schutz and 


and canto 57) have concerned them- 


the metl 
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TABLE 1 
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SUMMARY OF SELECTED METHODS AND RESULIS FROM STUDIES 


OF THE ABSOLUTE SUCROSE 


Investigator 


Stimulus 
Presented by 


Richter and Campbell 
(1940) 


Fabian and Blum 
(1943) 


Ad lib. sips 


Janowitz and Gross- 
man (1949) 


Ad lib. sips 


THRESHOLD FOR Prort 


Method 


Method of limits. Paired solu- 
tions of sucrose and distilled 
water. Ascend to point 
where 5 reports "different. 
Then descend in smaller 
steps to lowest point .5 still 
reports “different.” No catch 
trials 


Method of limits. 
tions (one distilled water). 


age of first trials on which S 
id “different.” No catch 


s 


tri 


Method of constant stimuli. 
If pair judged “different S 
Was instructed to name taste 

perceived 


Schutz and Pilgrim 
(1957) 


6-cc sip 


Yensen (1959) 


8-10 ce sip 


Method of constant stimuli 


Method of limits. Four as- 
cending series. One solution. 
5 reported the presence or 

al ce of sucrose. Two suc- 

cessive positive reports. 

Threshold halfway between 

lowest positive report and 

the next lowest concentra- 
tion 


Two solu- | 


‘wo ascending series. Aver- | 


E 


Average Threshold 


Weight 


Mols XIP "i Goume 
| 
4.97 0.17 
| ac 
16.1 0.55 


(geometric M) 


n— 
14.0 0.51 
(before lunch) 
NERA 
10.2 0.35 
ne 
8.2 0.28 


(approximate for 
11:30 A M. testing 


Furchtgott and 
Friedman (1960) 


I-ce sip 


Method of limi 
cending series, 
choice of sucrose from 
four solutions (3 tap or dis- 
tilled water). Two correct 
identifications on succe sive 
solutions. No catch trials 


Three as- 
Forced 
one of 


8.2 0.28 
(before lunch) 


selves with detection thresholds. 
is somewhat difficult to tell how 
classify Yensen's (1959) 
his experiment Ss were tol 
in terms of the presence 


the taste quality 
(e.g., sucrose) 


sisted simply of a gr: 
sucrose solutions. Because any devia- 


tion from a neutral taste 


results. 
d to respond 
or absence of 
under consideration 
and the stimuli con- 
aded series of 


would 


It 
to sucrose, the result 
In ably characterized 


than recognition. 


also difficult to 


were either tap or 
the fourth 


probably be interpreted by S 


Friedman's (1960, 


report states that S was prese! 


per. —-—- 


as 


s are more reaso”” 
as detection rath* 
Furchtgott a 
p. 577) sud ir 
tee 
nich 


categorize. 


with four beakers, three of W ] 


he: an 
distilled water o 
hed 
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chloric acid, or salt. "Progressively 
more concentrated solutions were 
presented until correct identification 
was achieved at two successive levels." 
Now, it is not altogether clear whether 
S was or was not told of the taste 
under consideration. li he was, the 
Tesults should be considered as detec- 
tion thresholds. 1f he was not, in 
View of possible expectancies €s- 
tablished in the first series of a test 
Session, succeeding series may have 
been some conglomeration of recogni- 
tion and detection measurements. 
n the study by Janowitz and Gross- 
man (1949), although the results are 
Feported as recognition thresholds the 
Same possibility of the confounding 
effects of “expectancy” exists. This 
Was because 5 had more than one test 
Session per day with the same taste 
quality, j 

This problem of consistency is more 
Complex than the mere ascription of 
differences of results to differences o! 
Procedure and definition. The whole 
Notion of the absolute threshold has 
cen critically attacked by theoreti- 
cians concerned with the abstract 
detection problem itself (Tanner & 
wets, 1954). Galanter (1962) has 
Pointed out that in addition to the 
Stimuli there are at least S's expecta- 
tions and motives that enter into the 
apcsion as to which of 
in native response 
Se ai i deinem t 
exper; The purpose 9 
at] riment was to discov 
t least one of these factor? 
eat would indeed nal 
Ei frequency of reporting chat 
Sophia concentrations r^ 
se. isticated theories © 

uld suggest. 


s 


METHOD 


unttbjects.— The Ss were three mal 
Hoe i a artme 
ents in the philosophy depart 


ë graduate 
jtat the 


University of Pennsylvania. The experiment 
consisted of two parts—isobias determina- 
tions and isosensitivity determinations. Both 
parts used a straightforward signal detection 
procedure with a symmetrical payoff matrix. 

From S's point of view the task consisted 
of discriminating between a 1-cc sip of an 
aqueous sucrose solution AS) and a L-ce sip of 
distilled water (W). For each correct re- 
sponse of "sugar" (s) or "water" (w), S 
received 5¢ and for each incorrect response 5¢ 
was subtracted from his winnings. Thus, S 
could win money by making a hit; 
reporting sugar when sugar Was actually 
present—symbolized as /S) or by correctly 
identifying a sample of distilled water (w/\W). 
The S could lose money by making a false 
alarm; i.e., reporting sugar when the stimulus 
was distilled water—symbolized as (s/W) or 
by reporting water when the stimulus was the 
sugar solution (w/S). The Ss were com- 
pensated for their services solely in terms of 
innings; for performances below chance 
where their winnings were actually negative 
amounts, they were paid nothing. 

Daily test sessions which lasted about 50 
min. consisted of 70 experimental trials. The 
Ss were blindfolded and wore earphones. 
They were seated alongside a table with their 
right arm positioned by a jig witha well that 
held a 30-cc “shot” glas One cubic centi- 
r of the stimulus W delivered by a 
rally operated syringe into the "shot" 

An auditory signal announced the 
beginning of a trial. The S picked up and 
drained the glass and then responded sugar 
or water." He was provided with immediate 
feedback concerning the correctness of his 
SES by another auditory signal consisting 
TENDO de “beep” for correct and a double 
' for incorrect. Thirty seconds from 
[ his response the signal for the 
al was given. This 30-s ec. intertrial 
as used to reduce adaptation effects, 
Test solutions Were prepared from reagent 
crose and double distilled water by 
a standard 10% solution which was 
red fresh daily. Temperatures of the 
ed at the beginning of a 
7. and monitored during 
pa i Maximum pre- 
the co atire differences were +2° F, 
post-tem pe e differences were much 


e averagt 
rever, he averag™ n n ] 
pen and sessions in which the stimuli 
smaller, 2 : a 
"ifie ed from each other by 21? F. were 
iftert 


discarded. 
Testing began 
t 


and for 


their w 


mete 
mant 
gl 


the time © 
next tri 
interval W 


grade su 


prepa 
stimu 
test sesstor 


for S1 and 52 at 11:00 a.m, 
12:00 noon. The Ss were 
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p(4|s) 
TRIALS 
1-17 
16-35 
36-53 
54-70 
p(-4|W) 


0100 0.125 0150 0.173 0200 0225 0250 027s 
wEIGHT 
SOLUTION CONCENTRATION Ge) 


Fic. 1. p(s/S) and p(s/W) by quarters of 
experimental trials as a function of solution 
concentrations. (All points are the average 


of 3 days testing for each of three Ss at each 
concentration, P(S) & p (W) &.5.) 


asked to fast and to refrain from smoking for 
11 hr. prior to the test session. 

Isobias determinations, — 
served in 24 daily sessior 


experience with the Procedure. Each daily 
session involved testing with only one solution 
concentration. The Ss were run on a random 
schedule for 3 days (210 trials 
i concentrati 
from 100% (.00292M) to .275% (.0804M) in 


Each of the Ss 
ns after 6 days 


y received the same 
They were always 
Daily pres- 


uced p(s/S) = 75 
and p(s/W) e .25 for P 
For Stand 52 thi 


and P(W), 
7, 5-5, 7-3) 
and W were 
numbers with 


the sole restriction that the empirical Lea 
bilities did not differ from the stated ones by 
more than approximately +.05, Mn - 

For 51, 280 trials were given for pops 
.1—9 and .9—1, 560 for .5-.5, and 35( nee 
3-.7 and .7-.3. The data for the 2 zt 
presentation schedule includes the e 
testing used for the isobias determina Au 
The extra testing at Schedules .5—.5, D e 
and .7-.3 was part of another ec 
being conducted simultaneously in which this 
procedure was identical. i T 

The procedure for Ss 2 and 3 was ex d 
what different. Because the presence Pd 
“warm-up” effect for taste was found UL e 
isobias data, a warm-up period was prov : 
for Ss 2 and 3 prior to each daily “pn 
This consisted of five 1-ce samples of e 
sucrose solution and five samples of id 
distilled water presented alternately eon 
30 sec. and identified for S prior to his HAE 
them. As for S1, a randomly determines 
test order for the experimental presentata 
schedules was used and four test sessions 


5 et he 
(280 trials) were conducted at each of t 
five schedules, 


RESULTS 


We consider first certain questions 
about the stability of the results. 
Our initial results confirmed the 
Pfaffman, Schlosberg, and Cornsweet 
(1954) finding of a warm-up effect. 
This effect is shown in Fig. 1. Con- 
sider first the upper four curves, The 
filled squares are the average p(s/S) 
over Ss for the first 17 trials of the 
three experimental sessions. The 
other upper curves are for subsequent 


quarters. Inspection shows a pum 
sistently lower b(s/S) for the p 
quarter. The four lower curves ‘a! 


similar averages for values of p(s/W): 
Surprisingly, no warm-up effect = 
obvious for these false alarms. ae 
offer no explanation for the appear. 
ance of a warm-up effect on Sumner 
trials and its failure to appear a 
water trials. We are able to asser 
however, that the warm-up effect A 
a change in sensitivity rather than 

change in S's criterion. A subsequens 
attempt to eliminate this warm- 


i 
" 
i 


| 


ix ai 
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effect by giving S2 and 53 10 practice 
trials did not prove particularly 
effective. 

We can also ask whether there is a 
shift among sessions in the response 
probabilities. Figure 2 shows no such 
change. 

The absolute 
from psychometric fur 1 
200% sucrose, which agrees fairly 
well with the Richter and Campbell 
(1940) results using ad lib. sips with 
the method of limits. The agreement 
is probably even better for on ap- 
proximately 20% of the trials, at the 
threshold concentration, 5 was report- 
ing sugar even though water alone 
was presented. Richter and Camp- 
bell's lower value may be attributable 
to the fact that S was reporting the 
presence of sugar when !n fact he 
did not taste it. The S's false alarms 
decrease as the sugar arene 
increases just as signal detectabi ity 
theory would suggest: That is to He 
S appears to show 4 consistent id 
towards saying “yes” with a vs 
Probability that is contingent up! 
the sucrose concentration. 


conc veal this 
these data in Fig. 3 t? eying eon 
isobias" function. For v4! 


threshold estimated 
actions is Ca. 


P(4|s)¢ o7 


PG41w) e o2 


3 


E S 
EXPERIMENTAL session! 


" Fic. 2. p(s/S) and psi) noe Ss for 
‘on concentration ave! er sessions: 


each of the three experimen 


each solu- . 


SUBJECT I 


0. 
pills) 
Q: 


s oi O2 03 04 05 06 07 08 09 1 
pl4|W) 
Fic. 3. p(s/S) as a function of p(s/W) 
at each solution concentration for S1. 
(P(S) = P(W) S.5.) 


centrations we see that the points 
move more or less along the 45° line. 
This 45° line, a line of constant 
response bias, is one of a family of 
curves that we could draw in this 
figure, the form of which would be 
contingent upon the particular theory 
that we use. Because of the small 
number of observations at each point, 
it seems unnecessary to attempt a 
better fit. 

Isosensitivity determinations.—The 
results as far as we have taken them 
show that with some reliability .S 
correctly reports the presence of 
sugar with increasing probability as 
the concentration of sugar increases, 
just as the classical view of things 
would suggest. In addition, however, 
S does make false alarms and these 
false alarms behave in a relatively 
systematic manner depending upon 
the concentration of sugar presented. 
These results, of course, are those that 
were obtained with a presentation 
probability of .5. We now ask the 
question, for a fixed concentration of 
can we vary the sucrose 


sugar, a 
detection probability and the false 
alarm rate by varying the signal 


presentation probability? Thatis-to 
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SUBJECT I 


SOL. CONC. = 0.200% 
92; qt) = 0.80 
o ginie 0.10 


r I 
O 0! 02 03 04 05 a6 or 08 os 


i 
pGelw) 


FrG. 4. The isosensitivity function for 51. 

Zach point is labeled with P(S). The 
straight lines represent theoretical functions 
derived from Luce's threshold model.) 


Say, can we alter S's expectations of 
sugar and thereby alter his probability 
of responding that sugar is present? 
For these isosensitivity de 
tions, we varied the signal presenta- 
tion probability over five values 
using a single concentration of sucrose, 
the concentration for which p(s/S) 
was approximately .75 and b(s/W) 
was approximately .25 during the 
isobias determinations. Figures 4 and 
5 are the isosensitivity functions for 
two of the Ss. These points are 
labeled by P(S). The straight lines 
are theoretical functions to be de- 
Scribed subsequently. 
Looking at Fig. 5asan ex 


xample, we 
see that for a single sucrose concentra- 
tion of .225%, 


the probability of 
reporting the presence of Sugar varies 
from about .26 to about .96. The high 
probability of report 
with a high presentation probability. 
Thus, if as in classical experiments 
this sucrose concentration had been 
continuously presented, E might well 
have thought that it was Very easily 
detectable. On the other hand, the 
fact that at this concentration and a 
Signal presentation probability of 9, 


termina- 


is associated 


MOORE, 
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i 7 © time S 
approximately 776% of the us 
reported the presence ot sugar he s 
none at all was present casts er 
doubt on the reasonableness of fam 
"Thus we see that n 

T 1 

sucrose concentration ae 
es SE 

threshold varies over 

'ec [ course, 

tremendous range. We can, ofc va 

select. some arbitrary presentat d 
"standard" at 

as we 


interpretation. 
a fixed 
ostensible 


probability as the c 

then vary the concentrations i 
e B . » A " B sd 

did for the isobias determinations 


2 ; a 

i E as € 

use sonic arbitrary porem? It 
i [ G reshold. 

representation of the thres en 


seems more reasonable, however, le 
investigate the whole decision jn on 
itself within the context of the ps san 
physical design if we hope to exphicé 
the role of the Sensory processes. 


DISCUSSION 


In this, as in all psychophysical gor 
ments. (although often implicit). em E 
were threc interlocking independent a fi 
ables. Only two of them, signal sirenen 
(sucrose concentration) and the sigi, 
presentation probability, were wa d jt 
the outcome structure in this experime! 
was held fixed. 
the outcomes 
behavior, 


pes - effec 
Thus, whatever s " 
may have had upon 
that effect was presumed to 


% 

a2] SOL. CONC. = 0.225 

s alá = 0.77 
q(n)- 0.10 

oi 


a9 
O Of 02 03 o4 as oe OF Q8 


pl2|W) 


ain HOD, 

Fic. 5. The isosensitivity functio" rye 
53. (Each point is labeled with P(S). 

straight lines represent theoretical fun 
derived from Luce's threshold model.) 


ction? 
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equivalent for all variations in the 
experiment. 
On the response side of the experi- 


ment, there were two independent classes 
These were correct and 


of responses. 
ated with the 


Incorrect responses associ 1 
presence of sucrose and correct and in- 
correct responses associated with its 
absence. These responses are construed 
as representing two kinds of theoretical 
processes. On the one hand, we assume 
that from time to time 5 makes a 
response that faithfully reflects the 
state of his interior vis-a-vis the sensory 
effects of the stimulation. On the other 
hand, certain of the responses can be 
construed as reflecting the action of 
events more appropriately assigned M 
central cognitive processes, and therefore 
only effective upon those variables that 
modulate these hypothecated events. 

We are concerned with the effects of 
Stimulation, then we must conjecture 
Some theory that will enable us to 
decompose the behavior into that part 
of it that is properly contingent upon t e 
Sensory effects themselves, and that par 
contingent upon other things. bat: all 

Classically, E often assumed tha 
the responses were dependent only on 


t in those 
the sensory events, an tint : 


Cases where he foun È 
i e 
failure of this dependence he amiga 
it to inadequate training Or S i 

tes that for the 


€xperim monstra 

taste es dapes others have shown for 
Other modalities, such a" interpre 
is untenable. When th 
has been suspected in the past 
theory has been propos 
the “spurious” behavio 
Sensory. This theory was ¢ 


‘ 
Correction for guessing. 

tions that eden it assert OF ams 
true probability of saying Eus! makes 
No sugar is present is 0, but that orrect 
alse alarms. Therefore We 7 p^ get 
ia observed proportion 9 pability by 
he theoretical detection n the pro- 


betwee 


i ms an 
Portion of hits and false alan (6/W)- 
a 


sensitivity curve would be a straight 
line running from some point on the 
ordinate (specifically the true probability 
of reporting the signal when it is present) 
to the upper right hand corner of the 
square. Figures 4 and 5 show that such 
a correction for guessing is not appro- 
priate for these experiments. 

The results that we obtain are more 
consistent with the general theory of 
signal detectability (cf. Tanner & Swets, 
1954). Luce (1963), however, suggests 
a theory that, like correction for guessing, 
presumes the existence of a threshold 
(a physiologically and theoretically vi- 
able idea) but that assumes the intro- 
duction of bias on S’s responses in ways 
that generate the kinds of behavior we 
observe. The theory, in abbreviated 
form, is as follows: We assume that when 
a signal is presented on a given trial 
there exists a true probability q(s) that 
S will detect the presence of the signal. 
It is further assumed that S introduces 
two mutually exclusive response biases. 
He can falsely convert a fixed proportion 
of his detection observations into nega- 
tive responses or some failures of detec- 
tion into positive responses. There is a 
true detection probability (7) when S 
detects a signal when none is presented. 
The consequence of this theory is an 
isosensitivity curve that consists of two 
line segments, one running from the 
point (0,0) to [a(n), q(s)] that Luce 

ower limb, and the upper limb 
from [q("), q(s)] to (4, 1). These lines 
in by eye for the data of the 
present experiment and the values g() 
and q(s) that constitute the parameters 
of the curve are shown on the figures. 
It should be noted that this theory 
divides the classical correction for guess- 
ing threshold theory into two com- 
ponents corresponding to the two true 
detection probabilities. . : 

The consequences of this experiment 
are twofold. On the one hand, they 
reveal that classical methods for estimat- 
ing psychophysical thresholds are in- 


-orabl confounded with biases on S's 
pee at may be independent of 


onses th re 
— of the stimulus upon the 


e effects 
nat system. The S's responses Het 
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orderly, but not necessarily direct, 
relations to the stimulating conditions. 
As a consequence, the use of psycho- 
physical data as a baseline for establish- 
ing physiological parameters is un- 
justifiable without assuming some under- 
lying psychophysical theory to account 
for the effects of these nonsensory events 
on the responses that Ss generate in the 
psychophysical setting. A second con- 
sequence of this experiment is to show 
factually that the simple threshold model 
which has been proved inadequate in 
other sensory modalities like hearing 
(Tanner, Swets, & Green, 1956) or 
vision (Swets, Tanner, & Birdsall, 1955, 
1961) is also inappropriate in the taste 
mode. 
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MEDIATION OF RR: IN THE ACQUISITION OF 
S-Ry, S-R» ASSOCIATIONS! 


NANCY MORNING axp JAMES F. VOSS? 


College of Wooster 


The developmen 
following Stage 1 training 
ates, each with 
trials. In Stage 2, 
and 2 were B-Cr where 
stimuli. The results indicate tha 
as Stage 1 training 
correct resporses than 


t of B-C associative strength was studied in Stage 
in which 6 A-B, A-C modified paired associ- 
a .5-.5 probability ratio, were presented for 0, 40, or 80 
2 paired associates were B-C, 2 were B-D (control), 
the C items were presented with different Stage 1 
it positive mediational effects increased 
increased, with 
B-Cr following 40 Stage 1 trials and more than 
ith 80 Stage 1 trials. 


2 


B-Cr yielding significantly more 


Negative mediational effects 


both B-Cr and B-D wit eg 
reater after 40 pretraining trials than after 80. 


were significant and g 
‘The results were interpre 
transfer theory. 


" Voss, Thompson, and Keegan (1959) 
and Goss and Sugarman (1961), using 
à modified paired-associate paradigm 
M which a stimulus word was pre- 
Sented on each trial with one of two 
response words, found that perform- 
ance varied as a function of the proba- 
bility ratio of the two response words. 
Orton and Kjeldergaard (1961), 
Using a three-stage A-B, A-C (expert- 
Mental) or D-C (control), B-C media- 
tion paradigm, found significantly 
etter B.C. performance following 
AC rather than D-C. Since the Voss 
St al. design of virtually simultaneous 

-B, A-C acquisition was similar to 
the successive A-B, A-C acquisition 


^ Horton and Kjeldergaard gan, 
t was hypothesized that 2- ac - 
prem simultaneous 


‘on is facilitated by 
ASB, A-C training. 
Orcross and Spiker 


(1958), using 
, AC (ex 
ntrol) para- 
nts C items 
p was not 
d poorer 


Na, his experiment was supporte Re. 
Search Q Institute of Mental Hea 
h ; 
2 ap Grant M-3531. burgh. 


Ow at the University of Pitts! 
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ted in terms of Postman's (1961) retroaction- 


performance for A-Cr than A-D. 
Considering the Voss et al. simul- 
taneous A-B, A-C paradigm, it was 
hypothesized that negative media- 
tional effects occur when the B-C 
pairing involves B and C items which 
were previously associated with differ- 
ent stimulus items (A). 

Two factors were considered neces- 
sary to demonstrate the hypothesized 
onal effects: first, training on 

is required; second, per- 
on B-C is different in the 
d direction from perform- 
D, where D is a control 


mediati 
A-B, A-C 
formance 
hypothesize! 
ance on B- 
item. 
METHOD 


ocedure.— Three groups, each of N = 30, 


Pr 
vecrived 0 (Group 0), 40 (Group 40), or 80 
(Group 80) trials of Stage 1 training, re- 


In Stage 1, a modified paired- 
associate procedure was employed in which a 
stimulus, A, was followed by A and one of two 
responses '\-B or A-C). On each trial, six 
such associations were presented in random 
order. The probability ratio of B and C was 


5-.5 for each of the six associations. The six 
sequences of B 


and C were each randomized 
within 10-tri 


al blocks for 40 trials. The 80- 
trial sequence constituted two presentations 


of the 40-trial list. The list was presented 
via strip film at a 2-sec. rate with a 2-sec, 


intertrial interval. 


spectively. 
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The instructions of Stage 1 were: 


Your task in this phase of the experiment 
will be to learn to anticipate which word 
will be paired with a given word. The 
procedure is as follows: a word will be 
presented, e.g., MAN. This word will be 
followed by one of two words, C4, BUSH 
or STREET, paired with the first word. 
Your task is to learn to anticipate which of 
the two words will occur with the first 
word. The two words occur equally often, 
so it is important that you use both words 
in order to obtain a large number of correct 
anticipations. More than one such associa- 
tion will be presented to you. 

Please note that you should respond as 
often as possible by indicating which word 
will be paired with the first word and be 
sure to use both response words associated 
with each stimulus word. 

Are there any questions? 


Following Stage 1 completion, Ss were 
conducted to a second room and instructed 
to sort blocks on the Minnesota Spatial 
Relations Test. The intervening task time 
was controlled so that Ss returned to the 
original experimental room and began Stage 2 
5 min. after the completion of Stage 1. 

Stage 2 involved presentation of six paired 
associates for 20 trials. Five random trial 
orders of the six paired associates were em- 
ployed at a 2-sec. rate with a 2-sec. intertrial 
interval. 

Two of the six paired associates of Stage 2 
were the B-C items of a particular A-B, A-C 
association of Stage 1 (B-C); two were the 
B and C items of Stage 1, but the Stage 2 
pairings were such that the B and C items 
were presented with different stimuli (A) 
in Stage 1 (B-Cr); the remaining two paired 
associates were B-D, where D was a word not 
previously used. 


The instructions for Stage 2 were: 


This phase of the experiment is similar to 
the first phase except that only one word 
will occur with the first word. You are to 
try to anticipate the word that will be 
paired with the first or stimulus word. 
Do not be surprised if some of the words 
are identical to those observed during the 
first part of the experiment. 


The Group 0 instructions wer 
accommodate the lack of Sta, 
Verbal material —The ma 
a selection of the five- 
usage words employe 
ergaard (1961). 


e modified to 
ge 1 instructions, 
terial consisted of 
letter, low frequency-of- 
d by Horton and Kjeld- 
The lists were constructed 
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so that the three related A, B, unb C aede 
of each association had minimal ice 
The six A-B, A-C associations were i iv See 
randomly into three sets, each of two uw 
tions. A 3 X 3 randomly permutec ae 
square was employed for the d MM o 
three word sets to the three Stage + Sere 
tions (B-C, B-Cr, B-D) so that cach ame 
of the Ss had one of the three sets zi a 
material assigned to one of the three Stag! 
perimental conditions. oa 
as een verbal material control an 
reversal of the Stage 2 stimulus and FEE 
words. Since the Stage 1 B and C respor? 


. the 
words occurred with equal requera E 
subsequent assignment of the B and : or. 
stimuli or responses of Stage 2 W the 
trary. Hence, for one half of the PE 
stimulus and response words of Stage ^ the 
reversed, This control was orthogonal te pe 
3 X 3 Latin square material control anc 


Mo s: ions 
three Stage 1 degree of training condit 


" 
The Ss were college students in introduce 
psychology who were assigned to the p 
mental conditions by use of a table of ran 
numbers, 


RESULTS 


e 
The data analyzed consisted of m 
sum of the correct responses for A 
two associations of each respon" 
condition (B-C, B-Cr, B-D). at 
Preliminary analyses,.—An analy "d 
of variance performed on the -— 
2 data revealed an F < 1.00 for bh 
three sets of Stage 2 verbal mate 
and for the Stage 2 stimulus-resP oe 
reversal sources of variation. 3 
data of these conditions were th* 
fore pooled for further analyses. re 
An analysis of variance also rof 
vealed an F < 1.00 for the numbe, 4 
correct responses in Stage 1 (anti red 
tions stating B or C were cons! ndi 
correct) for the three response C? 
tions of Stage 2. T 
A significant correlation coeffic d 
r (58) = .50, p <.01, was obtall ys 
for the relation of correct resP® jn 
in Stage 1 to correct response í 
Stage 2 for the pooled data of Gr pif 
40 and 80. With the lack of Si^ gir 
cance of the Stage 2 response © 
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32 


29 


26 


23 


20 
0 


MEAN CORRECT RESPONSES--STAGE 2 


Mean correc 


Fig. 1. 
training 


1 and the finding of the 


tions in Stage 
fficient, anal- 


Significant correlation coe 
yses of covariance were employed for 
Sis Group 40 and Group 80 Stage g 
data which take into account correct 
responses in Stage 1. 

Stage 2 analyses.—Figure 1 presents 
Stage 2 correct responses as à function 
of degree of Stage 1 training for the 
P-C, B-Cr, and B-D conditions. 
Although general improvement 1n 
Performance occurs which is probably 
attributable to familiarization (Schulz 
& Tucker, 1962; Underwood & Schulz, 
1960), differences in performance oc- 
cr in the hypothesized directions for 

Toups 40 and 80. 

An analysis of variance performed 
9n the Group 0 data revealed that the 
"esponse Condition source of varia- 

lon is not significant (F< 1.00). 
ne analysis of covariance performed 
9n the Group 40 data revealed a 
Significant Response C ondition source 
of variation, F (2, 86) = 5482 Sin 
ord Sequent analyses performed in 
cong, detect which of the response 
°nditions differed significantly from 


40 80 


TRIALS OF STAGE 1 TRAINING 


t responses of Stage 2 as a function of degree of Stage 1 
for the B-C, B-Cr, and B-D conditions. : 


each other indicated a significant 
difference between the adjusted means 
of the B-C and B-Cr conditions 
F (1, 57) = 8.48, p < .01, and a 
significant difference between the 
B-Cr and B-D adjusted means 
F (1,57) = 4.86, p < .05. The dif- 
sat por the B-C and B-D 
adjusted means is no igni 
ee Lie t significant, 
The Group 80 covariance analysis 
revealed a significant Response Con- 
dition source of variation, F (2, 86) 
= 8.95, p < .01. The subsequent 
tests indicated significant differences 
between the B-C and B-Cr adjusted 
means, F (1, 57) = 17.3, p < .01, the 
B-C and B-D adjusted means, F(1 57) 
= 4.30, p < .05, and the B-Cr und 
B-D adjusted means, F (1, 57) — 4.30 
p < .05. ' 
Transfer.—A transfer measure was 
employed to determine the relative 
amount of transfer for Groups 40 and 
80. The measure was (E40or s0 — Eo) / 
(Caoorso — Co) X 100, where 0, 40, and 
80 represent pretraining groups, p 
represents either the B-C or B.C 
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TABLE 1 


FREQUENCY OF INTRUSIONS FOR n 0, 
40, AND 80 or THE B-C, B-Cr, AND B- 


Worns (Cotumns) ix THE B-C ann 
B-Cr Coxprrioxs (Rows) 
UTE SEES == 
Response |Degree"oí| — | er | BD 
Cond. | Training | S R AN 
B-C 0 |o 38| 21 3l 

40 2 25 | ao | E 
1 12 2: ; 

80 | $^ | 
E 0 32 ] 43 4 4j 
ver 40 31 | 13 33| 15 
80 33 | 16 37 | 37 


Note.—See text for subcolumn explanation, 


condition, and C represents the B-D 
condition. The transfer Scores were 
as follows: 40, B.C, +126%: 80, 
B-C, +136%; 40, B-Cr, —12 7c; 80, 
B-Cr, +46%. Since Eo and Co were 
virtually equal, and thus 100% 


t implies 
no transfer, the results indicate that 


the B-C condition yields slightly in- 
creasing positive transfer and the 
B-Cr condition yields a decreasing 
amount of negative transfer as pre- 
training increases from 40 to 80 trials. 
Intrusion data.—Table 1 presents 
the Stage 2 intrusion frequency data 
for the B-C and B-Cr response condi- 
tions of Groups 0, 40, and 80. The 
three main columns represent in- 
trusions of words of the B-C, B-Cr, 
and B-D conditions into the B-C and 
B-Cr conditions (rows). 
subcolumns of the first colur 
B-C row represent whether the in- 
trusion was the stimulus (S) or 
response (R) of the second B-C 


association, The two subcolumns of 
the B-Cr column and 


represent whether 
the stimulus (S) o 
the second B-Cr 
should be noted that in the B-Cr 
condition, the two Stage 2 B-Cr 
associations were such that the two 
stimuli of Stage 2 were B-C responses 


The two 
mn of the 


row also 
the intrusion was 
r response (R) of 
association, Jt 


of Stage 1 associated with the mE 
stimulus (A); and, the two s ene 
of Stage 2 were B-C Fesponses A) in 
ciated with the same stimulus (/ 
Stage 1. : aye notet 
Two aspects of the data ae n siete 
First, for B-C, only 3 ud 2s 
made by the stimulus item 9r for 
second B-C association ; Hi 
B-Cr, the stimulus word of the pipe 
B-Cr association yielded 29 se Bs 
in Groups 40 and 80 wd nie n ië 
Group 0. Second, for B-C r, th ency 
a relatively large intrusion paese 
in Groups 40 and 80 of the ae eet 
word of the second B-Cr associati 


DISCUSSION "T 
th 
Comparison of the results a and 
response conditions of Groups 0, sitive 
80 supports the existence of Wie in 
and negative mediational effec ition 
simultaneous. A-B, A-C RUNS er 
Moreover, the covariance and trà! "en 
analyses indicate that such effects e 
curred when correct responses on a 
and the improvement in performants c, 
B-D as a function of pretraining 
considered. + ter? 
The present findings may pe inte 
preted in terms of a modification g 
Postman's (1961) esu ice 
theory. Briefly, this view is that d i" 
high B-C similarity, A-B is mediator? 
subsequent A-C training in this ma! ow 
A-(B)-C; on the other hand, € yo 
B-C similarity, A-B competes Lee 
and A-B is unlearned. In ‘the Pid ed 
experiment, where B and C are m 
by common association to A jaritY’ 
Stage 1 rather than by formal em eng" 
it may be theorized that B-C apli i 
develops in Stage 1 due to the rition’ 
statement of B during A-C C B: 
A-(B)-C, and correspondingly, a“ that 
The present data further suge age i 
B-C strength increases with Ee ps? 
training. However, when a new vimu o 
is learned in Stage 2 to the B sti mu? 
the mediated B.C association pe jo” 
be extinguished. The B-Cr me th? 
analysis supports thie view sinc 


f 
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frequency of the Stage 1 C items asso- 
ciated with the B stimulus words of 
Stage 2 was considerably greater for 
Groups 40 and 80 than Group 0 or the 
B-C groups. Thus far, this explanation 
Provides for the general superiority of 
B-C performance to B-D and B-Cr. M 

An additional factor that produces 
poorer acquisition in the p-Cr condition 
than in the B-D or B-C conditions !s 
that the B-C items of a given Stage 1 
association both appeared as stimuli or 
responses in Stage 2 in the B-Cr gang E 
tion. The intrusion analy indicates 
à relatively large frequency of thesen x 
response that was associated. with i 
same stimulus in Stage l- Thus, BE 
only must extinction occur to the Po 
association of Stage 1, but the m 
ence produced by the response iei 
associated with the same stimulus ite 
of Stage 1 must be reduced. This M 
however, does not provide for the re i ye 
improvement in B-Cr performance 
Group 80 over Group 40. odis t 

It should be noted that ume andl 
the above considerations, the seer B 
effects of Stage 1 occur only an ciis 
and C, ‘The so-called negative Re 
tional effects are negative transfer ; EC 
ased upon extinction of Sre Send 
Associative strength during SE s ee 
the difficulty of acquisition of the 
Stage 2 association. 

One prediction 
Mediation notion is that 
A-C probability ratio, 
S-.5 to 1.0-0.0, positive 


generated by ne 
hat as Stage 1 A-B, 
is varied from 
B-C transfer 


effects decrease. This prediction is based 
upon the premise that A-B and A-C 
associative strength equivalence de- 
creases over this range and A-(B)-C or 


A-(C)-B mediation is stronger with 

equivalent response strengths., 
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EFFECT OF CERTAIN NOISES UPON DETECTION 
OF VISUAL SIGNALS? 


WILLIAM II. WATKINS? 


Decision Sciences Laboratory, Electronic Systems Division, Bedford, Massachusetts 


The influence of auditory noise stimulation upon detection of a vi 
signal was investigated by manipulation of 2 
6 trained Os each performed 1, 


mode of presentation. 


trials in which they were required to sele 
intervals as that in which the visual s 


sual 
variables: noise type and 
200 forced-choice 
"t 1 of 4 temporal observation 
nal occurred. It was found 


that detection performance was substantially better when noise was 
presented only during the observation intervals than when it was con- 


tinuously present. 


Steady white noise and auditory flutter, both at 


75 db. SPL, were equally effective in the apparent facilitation of visual 


detection. 


This investigation tested for differ- 
ential effects of four forms of acoustic 
noise stimulation upon visual signal 
detection. A forced-choice method of 
obtaining response data was used in 
preference to older psychophysical 
methods, many of which have been 
criticized with regard to assumptions 
concerning high thresholds and chance 
factor determination of responses to 
subthreshold stimuli (Swets, Tanner, 
& Birdsall, 1961). 

Maier, Bevan, and Behar (1961) 
have cited recent studies which re- 
ported effects to which the term inter- 
sensory facilitation has been applied. 
Experiments of this class have typi- 
cally involved observations of slightly 
heightened perceptual experience, 
often in the form of measured vari- 
ables such as cff, with the improve- 
ment attributable to auxiliary acoustic 
stimulation. Several experiments 

l'This research was accomplished at the 
University of Texas as part of a PhD thesis 
in psychology. The author is indebted to 
Robert K. Young, who served as Dissertation 
Committee Chairman. This report is also 
identified as Electronic Systems Division 
Technical Documentary Report No. ESD- 
TDR-63-202. Furthur reproduction is author- 


ized to satisfy needs of the United States 
Government. 


? Major, United States Air Force. 
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(Chapanis, Rouse, & Schachter, 1949; 
Inaba, 1957; Maier et al., 1961; 
Walker & Sawyer, 1961) have beer A 
reported, however, in which presum, 
ably "favorable" conditions did n9 
yield positive facilitatory godinen 
Broadbent (1958) and Licklide 
(1961) have summarized some Ne 
the abundant intersensory inhibitio” 
evidence, Also relevant are Hernan 
dez-Peón (1961) and Harris (1950). 


METHOD 


Six trained Os were tested at a visual Ei 
tection task while receiving controlled, aut 
tory input. Testing was accomplished in tr 
of 240 trials, equally distributed among ? à 
acoustic conditions, Thirty trials unde 
particular acoustic condition constitut? yo 
run, lasting 3.75 min. A set consisted o! co? 
runs per condition for each of the four 7 «e 
ditions, or eight runs. These eight runs ic 
randomly ordered within each set, V gon 
usually consumed a l-hr. testing "s 
Rest periods were at least 2 min. ber ns 
runs and generally 24 hr. between sess 
The O was informed of his score for ? 
(number correct of 30 trials) at the 
pletion of that run. " noi? 

Noises.— The output of a white syel 
generator, passed through a 100-3,00 wa? 
filter, and recorded on magnetic tape iei 
played through a reproducing circu! 
minating in binaural Permoflux PDR- 
phones. The overall sound pressure 
(SPL) was 75 db. at each earphone 


m^ 


| 


ee 
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o 
ACOUSTIC CONDITIONS 


[9 


INTERVAL LIGHTS 100 
(TRANSLUCENT ° 
PANELS) 


SECONDS 
Fic. 1. Sequence of 


of its tem- 
‘Type 2 (T) noise 
per second auditory 


Noise was manipulated in terms 
Poral characteristics. 
Consisted of 10 burst ; 
utter, with each burst and cach. separation 
lasting 50 msec. Type 1 (T1) noise was not 
Interrupted sept ‘as mentioned below; it 
Was "smooth" in comparison to Type 2. Ata 
different level of consideration, interruption 
9f noises was employed to allow presentation 
either continuously during the run ES or 
only during the four observation interval Š s 
each trial (Pj). Figure 1 depicts the acoustic 
Conditions, - " 
Visual environment.—V rom à distance of 1 
» O viewed binocularly à flat-textur? 


circul ha inated white glass, 
ar pate minated W ; 
patch of illuminate ense luminance 


of gh diame aving the int a 
als fel da pem tube fitted with a 
susloned face piece limited peripheral pes 
Stimuli to the black interior of the tube. 
Stal signals were presented atan (age ^^ 
oka spot in the center of the E ei 
Ps Signals were produce by a odel 
th A photo stimulator (Grass) clamp ds 
€ back of the viewing apparatus: ze 
the aperture which permitted passage d 
Eje light was adjustable aroun E. 
edian diameter of 1.85 mm. The aperte 
T each O was so selected as f? ac = 
ind valen? detection among Os. 
€ of aperture “within an 
Occurred after the second complete e 
“teenth run) and was to the next sma er 


m, 


m 
o 
Toy 


(si 


100% 
TPI 


0% 


100% 
T2P2 


b 0% 


SIGNAL WHEN 100% 
CORRECT RESPONSE 
Two" 


"READY" 


"ONE" "Two" "THREE" "FOUR" 


events within the trial. 


setting. Signals always consisted of a 4-sec. 
series of flashes. The separate flashes oc- 
curred with a frequency of 10/sec and each 
flash had a duration of approximately 10 usec. 
The standard sequence of events within a 
trial was defined by illumination and darken- 
ing of translucent panels, 6 cm. wide, located 
just above and below the target patch. 
Timing of events.—The temporal pattern of 
each trial was controlled by microswitches, 
operated by revolution of a motor-driven cam 
wheel assembly. Figure 1 shows the time 
schedule employed. The O was always pre- 
sented with one of the four acoustic condi- 
tions, as diagramed in the top four tracks, a 
visual signal to be detected, as exemplified in 
the fifth track, and the interval light sequence 
shown. The 2i-sec. interval which followed 
Observation Interval 4 served for response 
recording and intertrial rest. Under the T, 
noise conditions, the photo stimulator was ex- 
ternally triggered by pulses originating in the 
noise gate device. This enabled presentation 
of the photic signals in flutter-flash phase with 
the separate bursts of noise. 
Subjects and procedure.—The six Os aver- 
aged 23 yr. ofage. Four wore eyeglasses, and 
one (ES) claimed severe hearing loss mon- 
aurally. All were individually trained to the 
point of approximately level performance at 
some aperture. This training experience was 
in all cases distributed equally among the 


four acoustic conditions, and typically con- 
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TABLE 1 


ANALYSIS OF VARIANCE SUMMARY 


Source df MS 
Between Os (O) 5 | 
Noise presentation mode - 
(P) 1 wt. 

Noise type (T) 1 504 
Run sequence (R) 9| 40.871 
OxP 5| 85.096 
Ox "p 9 8.974 
OXR 15 | 24.796 
PxT 1 504) 35 
PER 9| 7.661| .91 
TXR 9 6.726 | .68 
OxPxT 5 1.434 
OXPXR 45| $405 
OXTXR 45| 9.885 
BTE 9| 7078| .99 
OX PXTXR 45 7.164 

Total 239 

*p<.05 


sumed nine 1-hr. sessions. Following the 
training, 40 experimental runs were accom- 
plished by each O. Responses were registered 
on moving paper tape according to the one 


among four keys O depressed after Observa- 
tion Interval 4, 


RESULTS AND DISCUSSION 


The results of an analysis of vari- 
ance of the 240 experimental runs are 
presented in Table 1. For the group, 
visual signal detection was superior 
when noise was presented simultane- 
ously with the observation intervals to 
performance under continuous noise 
presentation conditions. No other 
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variable was found significant, nor 
were there any significant. interac- 
tions. The O X P MS was used to 
test the P effect, in line with the 
assumption that O represented san 
dom variable. It was not conclusive Y 
established. that this assumption o 
random .S selection was justifice. 
If O were in fact a fixed variable, u 
proper error term in the entirely $^ 
model would be Oo PX TX i 
Mean scores are presented by O ang 
by condition in Table 2. Chance leve 
detection in four-alternative-chor? 
type trials is, of course, a score Pi is 
for 30 trials. The superiority ol "a0 
P; over the P; mean amounted to 3^ 
more correct identifications of em 
intervals per run—i.e., approximate d 
20%. . ¢he 
Group means are plotted for t E 
four acoustic conditions along the it 
successive sets in lig. 2. Here, ik 
comparatively wide separation s: 
points associated with P; (dots) He 
those of P, (circles) is evident jid 
relation to the insignificant T; (50 
lines)- T» (dashed lines) difference: 
This experiment has affirmed that 
acoustic stimuli can function to impro" 
visual signal detection. It is appare" t 
also, that the temporal characteristic? 
the sound may be of critical importa 
to the facilitatory potential of Wa 
noise. No conclusions are possible 2 
garding how the difference in noise P 


TABLE 2 
Mean Number Correcr Trans (IN RUNS oF 30 TRIALS) ate 
M ———À— Sa T itio? 
o TiPi TP: TiP2 TP m Pe Ti Us ee 
f - e = —— 555 
BY 171 | V1 | 159 |165 | 171 |162 | 165 | 168 16.00 
HG 112 |,98 | 170 | 161 | ios |165 | 143 |129 BD 
ES 15 | 146 | 208 |214 |139 |211 | 170 | 180 11-07 
1B 201 |202 |216 |224 |202 |220 |208 | 213 Td 
4 159 | 30-3 | 203 |211 | 166 | 96:7 | 189 | 192 1.55 
J wa NaS (907 | ors | 195 lois | 207 | 304 20:5 
Group 3 
Averages 10:35] 16.82: | 19,55 | toma | eag | aes | apes | aa) BY 
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NUMBER CORRECT TRIALS / RUN 


gw» SET 


Mean score: 
represe 


entation modes operated to cause the 
Rect demonstrated. 
in iie (1956) foun 
narii] expressed by cff to ey rie 
Othe y in-phase auditory, { - i ' 
eis forms of white noise. In the 
ind nt study, visual signal detection m" 
ea cuia of the type noise presetter : 
flash, y er flutter, in-phase with pare 
Det bbs Phere is limited corresponc ence 
Me the findings of these two in- 
all igations: that the outcomes are at 
ra Similar may be noteworthy in view of 
re sharply divergent techniques ent 
Ployed, — £ 
wee the effect descril 
cally een accounted for net 
mech. it may be found that 
erret aS „are involve 
attent mediate in various phenom, 
ion” and “time perception: 


d visual perform- 
ff to be facilitated 


bed in this study 
irophysiologi- 
processes and 

which also 
henomena of 
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This experiment was designed to test the predicted effectiveness of 
response dominance as assessed by Underwood and Richardson for 


inducing clustering in free recall. 
cluding 8 items representing 
was presented to 34 Ss. 


A randomized list of 24 words in- 


à given concept at a high dominance level 
For 24 Ss, 8 words representing the given con- 


cept at a low dominance level replaced the high dominance words of 


the 1st list. Significant clustering w. 


ance words. A new formul 


clustering. 


Underwood and Richardson (1956) 
introduced the term response domi- 
nance to denote the relative strength 
of the tendency of Ss to give a speci- 
fied type of response. Working with 
restricted associative responses, their 
method was to present nouns as 
stimuli with instructions to Ss to 
respond only with sense impressions. 
The relative dominance of the associa- 
tive responses, which were in the form 
of adjectives, was indicated by the 
cultural frequencies of their occur- 
rence. Since these adjectival re- 
sponses were conceptual in nature, 
Underwood and Richardson (1956b) 
used the normative data they had 
obtained earlier for a study of concept 
learning. They showed that the rate 
of learning of specified sense impres- 
sions as responses to given nouns was 
a positive function of the dominance 
levels of the responses. From the 
standpoint of the present study the 
important feature of the Underwood 
and Richardson (19562) normative 
responses is that due to the restric- 
tions under which they were obtained, 
they are in effect relatively pure 

1 This is Technical Report No. 39 under 
Contract Nonr-631(00) between the Office 
of Naval Research and the University of 


Connecticut, Reproduction in Whole or in 


part is permitted for any purpose of the 
United States Government. 


as found only for the high domin- 


a was used for assessing the incidence of 


: e 
stimulus equivalences. In view of * 
tenability of the proposition vs 
stimulus equivalence may be regar e 
as a defining characteristic of € d 
ceptually related words, Underwo E 
and Richardson's norms were x 
cially well suited for the study J 
concept formation. Bousfield (1 e. 
showed that groups of stimulus wo 
which are related on the basis zA” 
taxonomic concepts—e.g., cow, B: 
VER, BEAR, LION—when presented |) 
Ss in a randomized list, tende Ss 
cluster in free recall. That i$ E 
tended to recall the items in runs j 
two or more in the same taxonom" 
class. Free associational norms sh? 
that words in the same taxonomi 
class tend to elicit common respons e 
In the foregoing example, all 
stimulus words elicit ANIMAL aus 
common response. These stim uli 
words are therefore equivalent stin ily 


ds 


In addition, groups of taxonomies 
related words of the type comm ally 
used for inducing clustering typ!“ 
have direct associative eer ; 
with each other. Bousfield, Stew cci 
and Cowan (1961) found an app, 
able positive relationship bet" eas 
interitem associative strength as D and 
ured by Deese's (1959) method, ginf 
the clustering obtained from Payer 
taxonomic categories and words £ 
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TABLE 1 
SuBLISTS or STIMULUS WORDS WITH CONCEPTS AND DOMINANCE LEVELS (DL) 
—— soe E En " 
Sublist 1 Sublist 2 Sublist 3 Süblist-4 
(High DE: Concep Low DL: Concept, (Medium DL; Concept, | (Medium DL; 
g oS oncer t (Low RAS a nen DEN oncep Medium ps Concept, 
DL Words DL Words DL Words DL 
TENE —— | = 
88 SARDINE 3 BALLOON 55 67 
83 HOSPITAL 23 43 FLANNEL 54 
so 15 38 MOCCASIN 53 
78 14 DERBY 33 SKIN 42 
65 12 por 29 41 
61 12 BRAC 25 31 
58 7 APPL 19 26 
25 CINNAMON 6 HELMET 17 24 
Mean DL | 67.25 Mean DL | 14.88 Mean DL | 32.38 Mean DL | 42.25 


Note.—List A consists of Sublists 1, 3, and 4; List B 


in the cultural norms of Cohen, Bous- 
field, and Whitmarsh (1957). In so 
ar as such direct associational rela- 
tionships exist they necessarily con- 
tribute to the incidence of clustering. 
<n the present study of clustering such 
Interitem associations were minimized 
Y using the Underwood and Richard- 
Son norms for selecting conceptually 
related words, This provided for a 
test of the application of the stimulus 
“duivalence paradigm in a relatively 
Pure form. The following two hy- 
Potheses were tested: (a) Response 
ing Pance can serve as a basis xd 
ucing clustering in free reca 
(0) he greater the dominance level 
"s common conceptual response to 
Sroup of words, the greater the 
Mount of clustering of these words 
Tee recall. 


a 


METHOD 
S of 


ur Ubjects.—The Ss were two s ss 
prise "Eraduate students in psychology com 
SE 34 and 24 members, respectively. 
© n aulis materials —The stimulus Mu 
fro Prised two 24-word lists of nouns € 
€ response dominance norms of oe iei 
Richardson (19562). The '5 za 
ated, respectively, as A and B, in tina 
"sed three of the eight-word sublists 


classes 


consists of Sublists 2, 3, and 4, 


shown in Table 1. List A contained Sublist 1 
with high DL (dominance level) words for the 
concept smelly; Sublist 3 with medium DL 
words for the concept round; Sublist 4 with 
medium DL words for the concept soft. List 
B contained Sublist 2 with low DL words for 
the concept smelly; Sublists 3 and 4 which 
were common to both List A and List B. 
Each word representing the concept of a 
given sublist had no ratings representing the 
remaining concepts. Since the plan of the 
experiment involved three separate presenta- 
tions of each list for learning, three separate 
randomized serial orders of the lists were 
prepared. 

Procedure.—List A was presented to the 
group of 34 Ss and List B to the group of 24 
Ss. The E first distributed 83 X 11 in. blank 
sheets to Ss for recording their recalls. He 
then gave the following instructions: 


I shall read a list of words to you several 
times. The words will be spelled as they 
are read the first time. When the reading of 
the words has been completed, you are to 
recall as many of the words as you can, 
The order in which you recall the words is 
of no consequence. Simply write them in 
the order in which they occur to you, 
Write the words in a single column down 
the left side of the page. 


During the first reading, E pronounced and 
spelled the words at a rate of about 4 sec. per 
word. For the second and third presenta. 
tions, E read the words at a rate of about 2 


sec. per word. A period of 5 min. was 


allowed for recall. 


78 
RESULTS 


In analyzing the data the question 
arose regarding the most appropriate 
method for evaluating the incidence of 
clustering within individual concept 
categories. The conventional unit of 
measurement of clustering is the 
repetition which is defined as the 
sequential occurrence of two items 
in the same category. In these terms, 
the number of repetitions in a run or 
cluster of items in the same category 
is the number of items minus one. 

In the present study, the model chosen 
for the derivation of a formula for the 
number of repetitions to be expected 
on the basis of chance involved two 


major assumptions: first, when S 


undertakes recall, a certain number of 
items are not available and therefore 
have no effect on the incidence of 
clustering; second, at any stage of 
recall all the words remaining to be 
recalled are equally available, and are 
chosen withoutreplacement.? For the 
analysis of the data of the present 
study the model was applied so as 
to give the number of repetitions 
expected on the basis of chance in a 
single category of the recalled items. 
Suppose S recalls a total of n items 
from a list of words used for inducing 
clustering. Of these items a total 
of m, is from Category k. The ques- 
tion is that of how many repetitions 
should occur by chance in Category k 
undertheseconditions. Fora given zt, 
the larger the m, the more repetitions 
in Category k we should expect on the 
basis of chance. The clustering re- 
garded as critical is that which exceeds 
this chance amount. From the stand- 
point of theory, clustering measured 


? This model was developed for the present 
study by A. K. Bousfield. It differs from that 
of Cohen, Sakoda, and Bousfield (1954) who 
used the assumption of drawing without re- 


placement from a pool comprising all the 
items of the given list, 
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on this basis would 
D ALS and 
tributable to what | pilenwagd Ma 
Schulz (1960, p. 92) Ec u 
association or hook-up rather t s: - 
Though these ^i 
obviously open vs 
a serviceab 


appear to be at- 
have 


recall. 
sumptions à 
criticism, they provide »- 
approximation for a null hypo : he 
According to the indicated node d 
formula for £(r;), the expected rep 
tions in a given category Å 1s: 


response 
are 


my (my, — 1) 
Fr) n 
-alled 
Thus, if the number of items P 
in Category k is 6, and if a tota : 
15 items is recalled, the sms. 7 
expected repetitions in Category the 
The first steps undertaken make 4 
analysis of the data were t? im : | 
three counts from the data ol on pled | 
(a) total number of items pen yı 
(b) number of critical concept, 8IP ați- 
words recalled; (c) number of ref Ap 
tions of critical concept words. “the 
plying the formula for E (ri) he 
number of expected repetitions Hd 
critical category was then comp" sd 
for cach S. With these data, pared 
frequency distributions were COMP -ih 
for the 34 Ss who received List / " 
the high DL smelly words, and. - de 
24 Ss who received List B wit pt 
low DL smelly words. One dis? jd 
tion was that of the obtained E 
tions, and the other comprise’. d 
expected repetitions. Three ! we 4 
differences between paired MC yi 
the distributions yielded the fol n 
results. The difference betwe? ) 
obtained and expected means. e, 
high DL words was significant 1017 
= 3.17, p < .01. The corresP. y 
difference for the low DL wo n 
not significant, (23) = .223, P abe! p 
The difference between the n "o bit 
repetitions above chance for t wo | 
DL words and for the low 
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fell slightly short of the .05 level, 
1 (56) = 1.08, p.05. 
DiscUsstoN 


ion for 


The results provide confirm: 
the first experimental hypothesis which 
States that response dominance as ap- 
Praised by Underwood and Richardson 
(1956a) can serve as a basis for inducing 
clustering in free recall, The results 
failed, however, to confirm the second 
hypothesis which states that response 
dominance should serve as à parameter 
of clustering. The results appear to 
Show that stimulus equivalence by itself 
can be made to serve as a bx for in- 
ducing clustering. The importance of 
Stimulus equivalence for clustering was 
demonstrated in a different way by Bous- 
field, Steward, and Cowan (1961). They 
undertook the testing of two predictive 
Measures of clustering which were based 
9n the use of free ssociational norms. 
‘AS already noted, De s (1959) measure 
of interitem associative strength was 
Ound to havea positive relationship with 
Vis clustering obtained through the use 
9f taxonomic categories of items. On the 
Other hand, a measure of stimulus 
equivalence appeared to correlate more 
Ughly than interitem associative strength 
Uh the incidence of clustering. , It is 
vident that both interitem association 
and stimulus equivalence contribute to 
the clustering. Marshall and Coler 
; 63) in their review of measures o 
Word relatedness distinguished between 
Wh = «t and nondirect 
: are alter- 
e distinc- 
ent study. 
important 
f the two 
important, 


but that of assessing their relative effects 
in various learning processes. 
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40 Ss were given 60 differential conditioning trials, } with the positive 
stimulus, 4 with the negative, using the eyelid CR to light based on 
the reflex wink to an air puff. Following differential training 30 addi- 


tional trials were given, and for 


of the Ss the positive and negative 


stimuli were reversed. Good discrimination and discrimination reversal 
were obtained, although not as rapid as in an analogous verbal condi- 
tioning situation. Reversal from negative to positive CS was not as 
complete as reversal from positive to negative. 


The problem was to investigate the 
reversal of conditioned discrimination 
in the eyelid CR. Although dis- 
crimination reversal has long been an 
interesting problem with instrumental 
responses (e.g., Harlow, 1949), the 
phenomenon has rarely been investi- 
gated in the area of classical condi- 
tioning. Scattered reports of the 
reversal of conditioned discrimination 
are available from the Russian liter- 
ature, but they are usually reports of 
experiments carried out in connection 
with the investigation of other prob- 
lems, such as the activity of the 
nervous system and  neurasthenia 
(e.g., Belyayeva, 1961). The finding 
of Hartman and Grant (1962) that 
excellent differential conditioning of 
the eyelid response could be obtained 
when a CS-UCS interval of 800 msec. 
was used made it feasible to investi- 


gate the reversal of discrimination 
with this response. 


METHOD 


. Apparatus.—The standard Wisconsin eye- 
lid conditioning apparatus as modified for 


1 This research was supported in part by 
the Research Committee of the Graduate 
School of the University of Wisconsin with 
funds provided by the Wisconsin Alumni 
Research Foundation and in part by Research 
Grant MH 06792 from the National Institutes 
of Health. 


conditioned discrimination by Hartman and 
Grant (1962) was used. The Ss faced a 
rectangular enclosure that was pai ted fiat 
white. Approximately 80 cm. from .§ were 
two milk-glass disks, 10 cm. in diameter Be 
15 em. apart and slightly below his norma 
line of sight. Ambient illumination vas ae. 
proximately 1.00 mL. and the CS consisted o 
a 0.8-mL. increase in brightness of one of the 
milk-glass windows. The UCS, a corneal air 
puff, lasted 50 msec. and its intensity was 
regulated by a 150-mm. column of mercury. 
The CS lasted 1 sec. and its onset was followed 
800 msec. later by the onset of the UCS. 
Intertrial intervals varied from 10 to 40 sec. 
as regulated by a Western Union tape 
transmitter. i 

Procedure.—AM Ss were given 60 dis- 
crimination training trials, 30 reinforced trials 
with one stimulus light reinforced and 3 
trials with the other stimulus light which wa$ 
never reinforced. For half the Ss the left 
light was reinforced, and for the other hal 
of the Ss the right light was reinforced. f 

After the 60 discrimination trials, half © 
the Ss, the Control group, continued 2$ 
before for 30 more trials, and the other ha 
of the Ss, the Experimental group, had the 
conditioned stimuli reversed so that the 
previously reinforced CS was no longer reir 
forced and the previously unreinforced 
was now regularly reinforced. The Reversa 
group, thus, received discrimination never 
trials following discrimination training. T 
positive and negative trials were random Y 
interspersed with the restriction that Tria 
1, 60, 61, and 90 were reinforced, and half SA 
the first 60 and half of the last 30 trials we" 
reinforced. 

Subjecis.—Twenty men and 20 wome? 
volunteers from the introductory psychology 
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CONDITIONED DISCRIMINATION REVERSAL 


course at the University of W — ped 
as Ss. The sex ratio was ap in the 
Miia HL s ys were 
control and reversal groups, € The 
otherwise unsystematically assign ditioning 
Ss were not familiar with eyelid ener d 
and were read the neutral qe int due 
in the Wisconsin laboratories. È d ei df 
Ss was informed that the configura 


stimulus lights might be reversed. 


RESULTS 


Eyelid responses greater tan ! with 
as recorded, which occurred W s 
latencies between 250 and 800 meen 
after the onset of the CS, were e 
as CRs, Only five Ss, two 1n ird 
Reversal and three in M NIE 
group, were classified as derivative 
Responders by the time 1961) and 
criterion (Hartman & Ross, : 


s zi est 
their data were retained with the re 


of the data. "— a: 
The principal eee pe ee 
ment 4 shown in Fig. "m 
vum R is plotted for ry e 
Š-trial blocks. The ne innato 
S-trial blocks we 1 ve 
training and Blocks 7, 5, and deeem 
the control and aci ae m the 
versal trials. It is eii erential 
figure that a high degree n l after 30 
conditioning had occurre ed trials, 
reinforced and 30 unen = 13.01. 
F (t, 38) = 39,59, Error thet «lié 
"here was no difference be ^ in the 
Control and reversal SOV ^ i gy, 
discrimination training he control 
On the reversal blocks Haunio of 
Procedure produced a pacte the 
the positive and negate» 1 "The 
++ and — — curves of (ox ) were 
Curves of the Reversal group 


the 
designated — + and cae porn or 
first sign refers to the FOS during 
Negative character of the d the sec- 
differential conditioning; ue of the 
Ond sign refers to the m crimina- 
CS during reversal. The ds rapidly, 
tion reversal occurred fairly 


A versal 
ut was more complete in the re 


PERCENT CRs 


123 4 8 


e * 
BLOCKS OF FIVE TRIALS 


8 S 


Fic. 1. Percent CRs to reinforced ( 
and unreinforced (—) stimuli during sucess 
five-trial blocks of the experiment. (T 
— + and + — curves are for stimuli for whi 
reinforcement conditions had been revers 
during the discrimination reversal phase 
the experiment, the latter symbol referri; 
to the actual reinforcement condition durii 
reversal.) 


from positive to negative than fro: 
negative to positive. The differen 
between the Reversal and Contr 
groups was highly significant, 7^ (1, 3% 
= 7.79, Error MS = 10.58. Actually 
a trial by trial plot of the first 5 tria. 
of the Discrimination Reversal Trair 
ing Block 7 showed that considerab| 
reversal had occurred, on the average 
by the third discrimination revers: 
trial. 


Discussion 


Although good conditioned discrimina 
tion and discrimination reversal wer 
obtained, using the eyelid response 
neither the discrimination nor the re 
versal was as rapid or as complete as cal 
be obtained with a verbal instrumenta 
response. For example, data were ob 
tained from 55 men and women Ss in | 
noncontingent “guessing game” (Hum 
phreys, 1939) where the situation Paral 
leled as closely as possible the relation 
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ships in the present experiment. Two 
"CS" lights were placed at the top of a 
Masonite board on the left and right, 
and in the center, below, was a "UCS" 
light covered by a green filter. In 
discrimination training one of the "CS" 
lights was always followed by illumina- 
tion of the “UCS” light but the other 
was never "reinforced." After 60 train- 
ing trials the positive and negative 
“conditioned stimuli" were reversed. 
By the twelfth training trial Ss were 
responding positively 90% or more to the 
positive "CS" and 10% or less to the 
negative "CS." By the fourth reversal 
trial Ss were responding more than 95% 
of the time to the new positive stimulus 
and less than 5% of the time to the new 
negative stimulus. The discrimination 
and its reversal clearly occur more 
rapidly and more completely with the 
verbal instrumental response than with 
the conditioned eyelid response. 

The asymmetry in discrimination re- 
versal, indicated by the fact that the 
frequency of respons to the —4- 
stimulus is clearly less than the fre- 
quency of response to the +-+ stimulus 
whereas the level of response to the +— 
stimulus drops to the level of the —— 
stimulus, is of considerable interest. 
Although this asymmetry may be due to 
the relative slowness of acquisition as 
compared with extinction of the eyelid 
CR, it certainly parallels the persistence 
of inhibition from formerly negative 
stimuli found in instrumental learning 
situations by other investigators (Hayes, 
1953; Ross, 1962a, 1962b, 1962c). Pav- 
lov (1927, pp. 196-200) has also com- 
mented on the persistence of inhibition 
in discrimination reversal, and the phe- 
nomenon is also occasionally reported by 
other investigators (e.g., Yoshii, Mat- 
sumoto, Ogura, Shimokochi, Yamaguchi, 
& Yamasaki, 1960, p. 201). In his 
discussion of the phenomenon, Pavlov 
attributed it to the presence of inter- 
spersed trials with the new negative CS, 


but this interpretation has not been 
intensively investigated, so that 1t 
remains one of the interesting asymme- 
tries between excitatory and inhibitory 
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KINESTHETIC FIGURAL AFTEREFFECTS: 
SATIATION OR CONTRAST 
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3 experiments are reported. 


figural aftereffects 
indicated that 
described, or ! 
satiated hand, after 
II replicated Experimer 
periment n : 
as the assumption of 

theory. The data suggest 


are unnecessary. 


Since the publication of Kühler and 
Dinnerstein's (1947) paper o? kines- 
thetic figural aftereffects (KFAE) and 
the earlier Köhler and Wallach (1944) 
disagreement with Gibson's (1933) 
interpretation of aftereflect phenom- 
enon, a number of studies investigat 
ing aftereffects have, appeared E 
Spitz, 1958). Regarding KFAE, pa 
summary findings reported by Köh » 
and Dinnerstein (1947) are that me 
size of the T bar which is pose] 
than the I bar will be underestini te , 
a T bar wider than the I bar will de 
overestimated, and aftereffect will m 
occur when T and I bars are of equa 
width. : . 

By and large, subsequent der 
gations of KFAE have a S is 
essentially the same aye dien 
that used by Kohler and Dinn vem 
(e.g., Krauskopf & Engen, ; 
McEwen & Rodger, 1 
fingers of the satiated : 
land ca upon tot 1 
edges pi inspection bar or strip 
(I bar), were subseque! 
ater bar or strip ( Ka 
of whi as to estimate, 
or plek ei bar (V bar) on 


apaid. Lowa: 
1 Now at Parsons College, Fairfield, 10% 
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Experiment | investigated kinesthetic 
(KFAE) as a function of hand satiated. Results 
KFAE could be elicited in the direction traditionally 
in an opposite direction depending upon whether the 
r satiation, proceeds to the T or V bar. Experiment 
at I with some alterations in manipulanda. 
ul questioned the traditional satiation procedures, as well 
‘satiated boundaries," 
ed that both the procedure and the concept 


Ex- 


prevalent in satiation 


which his unsatiated hand had been 
placed. 

The present studies were born out 
of repeated experimental psychology. 
laboratory demonstrations of KFAE. 
During these demonstrations students 
emploved a wide variety of stimuli 
and procedures. Certain of these 
procedural variations appeared in- 
formally to yield results which were 
markedly at variance with those 
reported by Köhler and Dinnerstein. 
When students placed the satiated 
hand on the V bar, with the un- 
satiated hand on the T bar, they still 
demonstrated “aftereffects” but in a 
direction opposite to traditional after- 
effect phenomena. That is, a T bar 
narrower than its associated I bar 
was judged “wider” rather than 
"narrower." The first study then 
evaluated KFAE asa function of hand 
satiated, to determine if differential 
effects obtained depending upon 
whether the satiated hand proceeded 
to the T or V bar. 


EXPERIMENT I 


Method 


Subjects—The Ss were 10 right-handed 
male volunteers from an introductory i 
chology class at the University of Dayton, y- 
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RIGHT HAND 
SATIATED 


LEFT HAND 
SATIATE! 


POINT OF 
SUBJECTIVE EQUALITY 


6 10 15 22 27 32 6 10 5 22 27 32 
V-BAR STARTING POINTS 
PRE-SATIATON TRIALS SATIATION TRIALS 


Fic. 1. Mean T bar width judgments 
before and after satiation (2.5-in. I bar; 1.5- 
in. T bar). 


Apparatus.—The apparatus had three 3-in. 
thick pine boards: an I bar, 2.5 in. wide; a 
T bar, 1.5 in. wide; and a V bar, 29.5 in. long 
tapered from a point to 3.5 in. wide and 
marked off with lines 1 in. apart. The lines 
were numbered consecutively beginning with 
No. 1 which designated the line å in. from 
the point of the V bar. Line No. 18 was the 
point of equality (POE) for the 1.5-in. T bar. 

Procedure.—The Ss were brought in- 
dividually into the experimental room where 
they were asked to rinse their hands (soap 
not used) in warm water and to dry them 
using a rough hand towel. Each S then made 
six judgments of equality with his left hand 
on the 1.5-in. T bar and his right hand on the 
V bar. On these as well as on all subsequent 
trials S’s right hand was placed on the V bar 
at approximately the following points: 27, 
15, 6, 22, 10, and 32 providing far, medium, 
and near starting points above and below 
the POE. 

After these presatiation trials Ss were 
alternately assigned to right- and left-hand 
satiation groups. Satiation amounted to 60 
sec. of rubbing the left (right) hand fingers 
along the top edges of the 2.5-in. bar after 
which the T bar and V bar were provided for 
a judgment. The next judgments were 


preceded by 20-sec. satiation periods on the 
bar. 


Results 


The first question to be answered 
was whether the left- and right-hand 
satiation groups were equal in ability 
to judge the width of the 1.5-in. T bar 
prior to satiation trials, An analysis 
of variance of the T bar judgments on 
presatiation trials revealed that the 
effects of groups were not significant, 
Although the effects of trials were 
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significant, F (5,40) = 4.44, p< .01, 
the Groups X Trials interaction was 
not. Thus, of particular interest is 
the fact that the statistical analysis 
suggests that the two groups can be 
considered to be equal prior to 
satiation trials. . 

Since the two groups functioned 
identically on presatiation trials their 
curves have been combined for these 
trials in Fig. 1. Figure 1 then, clearly 
reveals the variation in accuracy of 
judgments over trials or, more specil- 
ically, according to the starting point 
of each trial (i.e., from the point of 
placement of the right hand on the 
V bar). Generally, hand placement 
below POE gave rise to a low PSE 
and placement above POE gave rise 
toahigh PSE. In all probability this 
phenomenon is associated with the 
psychophysical method employed (cf. 
Dember, 1960, p. 39). 

While actual judgment trials were 
given in the order described above— 
right hand placed at Starting Point 27 
for the first judgment, 15 for the 
Second judgment, etc.—for a clear 
presentation of Fig. 1, starting points 
are presented on the abscissa in 
numerical sequence. The fact that 
attention has not been drawn to the 


TABLE 1 


ANALYSIS OF VARIANCE OF RIGHT-HAND 
AND LEFT-HAND SATIATED Groups’ 
T Bar JUDGMENTS over SIX 
SATIATION TRIALS 


Source df T 

Between Ss 

Groups (B) 1 [17.54 
Error (b) 8 
Within Ss 

Trials (A) 5| 6157 

AXB 5| 3.31 

Error (w) 40 
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role of starting points in. KFAE in- 
vestigations also dictated the present 
form of presentation. 

Table 1 summarizes the results of a 
second analysis of variance of data 
obtained on satiation trials. Results 
of this analysis show that Fs for 
groups, trials, and interaction = 
are all significant. Figure 1 grap " 
ically illustrates the differences tested 
Clearly the right- and jc 
satiated groups performed pru: z 
The significant difference Over as 
appears to be directly related n 
Starting points. Also the "E = 
F for interaction seems to be d ud p 
the fact that the right-hand s » 
group was more severely 2 pe 
Starting points than was the in € 
Satiated group. lt can be see A E 
that for all judgments sey dede P itc 
satiation judgments), right- jan eius 
ated Ss judged the T bar to e 2 
While left-hand satiated Ss judg 
same T bar to be narrower. imply 

The data of Exp. I are not d iy 
explainable in either contrast E, 
satiation terms. What this qn 
ment does reveal is that T bat 1 E 
ments do indeed differ dependiig UP 
Whether the satiated hand PTT ai 
to the T or V bar. Since Erp aliy 
lII are basically methodologica 


map, L, the 
refined replications of Pam: be pre- 
results of these studies bs more de- 
Sented first, followed by of all three 
tailed general discussion O'* 


Studies. 


than they did prior 

experience. If this pae. 

all reliable, a simple reva ft-hand 
bar sizes should find "T bar 

Satiated Ss giving wider iated Ss 

judgments and right-hand satia 


giving narrower judgments. 


TABLE 2 


ANALYSIS OF VARIANCE OF RiGitr-HAND 
AND LEFT-HAND SATIATED Groups’ 
T Bar JUDGMENTS OVER Five 
SATIATION TRIALS 


Source af F 


Between Ss 


Groups (B) 1 |11.825** 
Error (b) 18 
Within Ss 
Trials (A) 4 | 36.674** 
AXB wa | 1:722 
Error (w) 72 
m "n 01, E 


Method 


The Ss were 20 students drawn from the 
same population as in E Changes in 
procedure were as follows: First, the wedge- 
shaped V bar method of measurement in- 
volves several serious shortcomings. Preci- 
sion is lacking in that S's thumb and fore- 
finger are not necessarily parallel and E is 
frequently left with a decision as to which 
j-in. space to assign as S's position. Not only 
is precision lacking but the very fact that S 
must feel the edges of the V bar as he seeks 
PSE, potentially involves some kind of 
satiation effect (Kóhler & Dinnerstein, 1947; 
Krauskopf & Engen, 1960). In order to 
overcome these deficiencies, we turned to 
metric measurements and a vise arrangement 
for our V bar which was similar in many 
respects to the vise used by McEwen and 
Rodger (1960). Thus in Exp. II the I bar was 
35 mm. wide and the T bar was 60 mm. wide. 
The V bar was a Stanley Woodworkers Vise 
No. 700 on either face of which had been 
affixed }-in. thick fiber boards. The movable 
face of the vise passed over a millimeter rule 
which permitted E to quickly and accurately 
set the V bar at a desired opening as well as 
record S's PSE. The V bar settings prior to 
each judgment were at 45, 90, 60, 75, and 
30 mm. After the V bar had been set and 
S's hands placed on V bar and T bar, E 
turned the vise until S reported "equality." 
Other than these changes the procedure for 
Exp. II remained the same as that of Exp. I. 


Results 

Differences between groups on prë- 
satiation trials were not significant 
nor were interaction effects of Trials 
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V-BAR STARTING POINTS 
PRE-SATIATION TRIALS SATIATION TRIALS 


Fic. 2. Mean T bar width judgments 
before and after satiation (35-mm. I bar; 60- 
mm. T bar; V bar starting points in mm.). 


X Groups. Again, as in Exp. I, the 
effect of starting point gave rise to 
significantly different judgments be- 
tween trials, F (4,72) = 38.85, p «.0t. 

Table 2 summarizes the results of 
an analvsis of variance for satiation 
trials. The significant Fs for groups 
and trials and the nonsignificant F for 
interaction effects suggests that the 
groups performed in the same fashion 
over trials but at different relative 
levels. It is possible that the greater 
distortion of judgments for the right- 
hand satiated Ss seen in Exp. I was an 
artifact of the manipulanda. 

Figure 2 graphically portrays the 
PSE curves for both presatiation and 
satiation trials. Again starting points 
are given in an increasing order rather 
than in the order of actual presenta- 
tion to S. It is clear from Fig. 2 that 
the behavior reported in Exp. I is 
reliable. That is, left-hand satiated 
Ss who went from the 35-mm. I bar 
to the 60-mm. T bar judged the T bar 
to be wider at every V bar setting 
than they did on presatiation trials. 
In contrast, right-hand satiated Ss 
who proceeded from the 35-mm. | bar 
to the V bar, judged the 60-mm. T bar 
to be narrower in comparison to pre- 
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satiation trials. Without attempting 
an explanation at this point, it is 
apparent that when the satiated hand 
proceeds from the I bar to the V bar 
the error in perceptual judgment is 1n 
favor of the I bar size, while the 
reverse is true for Ss whose satiated 
hand proceeds from the 1 bar to the 
T bar. 


EXPERIMENT IT] 


Experiment III considered two 
further questions associated with 
KFAE generally and satiation theory 
in particular. Traditionally, satiation 
has been induced by having Ss rub 
their fingers lightly over the I bat 
edges (e.g., Charles & Duncan, 1959; 
Heinemann, 1961; Krauskopf & En- 
gen, 1960). While no explicit demand 
for this procedure appears in the 
literature it is presumed that such a 
practice was deemed advisable in 
order to create more readily a “locus 
of excitation” and a “field of electro- 
tonic effects" from which T objects 
would recede. On the other hand, @ 
contrast theorist would simply ask 
that Ss form an “impression” Of 
“judgment” of, in this case, the width 
of the I bar. They would then 
predict that Ss’ judgments of similar 
stimuli would be affected by the first 
"impression." 

The second question relates to the 
notion of a “distance gradient" in 
KFAE (cf. Charles & Duncan, 1959). 
It is hypothesized that T objects 
placed at increasingly greater *dis- 
tances" from the satiated boundaries 
of a previously inspected I bar wi 
recede less, and finally not at all, 
from these boundaries. A contrast 
explanation would require no such 
assumption of "distance." Further 
the Charles and Duncan (1959) mane 
pulanda included a wedge-shape 
bar similar to that used in ExP- À 
of the present studies, While they 


fa 
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interpreted the lack of distortion in 
judging a }-in. wide T bar to support 
the “distance gradient” hypothesis, 
it is clear that cues emanating from 
the end of the V bar may have been 


operating. 


Method 

The 24 Ss in the present study were ya 
from the same population 4$ B 
described. Procedures and mguipülenda 
were precisely the same as 1M Exp. Nes 
presatiation trials. After presatiation | di E 
it random to one o our 
right hand on \ bar after 
: 1 on V bar after 
rT bar alter "no 


Ss were assigned 
groups as follows: 
"no satiation”; right hant 
satiation; left hand on, after satiation. 
satiation”; left hand on 1 bar alter 3 ‘hereby 
“No atan” refers to à condition W p ) 
EER " Angers on either 
Ss merely placed thumb and Sh n ane 
edge of the I bar without rub Zire provi le 
in the traditional manner Ee adeti 
a somewhat greater CONAS. | ded in 
between I and T bars than eodd t bar 
DIS i is expert 
Exp. I and l, in this ext T bar, 35 mm. 


| the 


as 110 mm. wide anc 


Results fT bar 
» GUB ar 
An analysis ol variance isis = 
judgments on puedes be- 
vealed no significant e par 
tween the groups nor were in = oe 
effects of Groups X Trials dd That 
Significant differences oe mein 
tween trials in the same fas 


TABLE 3 


ANALysis or VARIANCE OF 


Ricnt- HAND AND 
No-SATIATION 


on” AND 


J UDGMENTS 6^ 
SATIATION TRIALS 
Seige RE. 
| 
NENNEN S ae 
Between Ss 3 | &60"* 
Groups (B) 20 
Error (b) 
Within Ss 4 |26.34** 
Trials (A) 12 1.42 
AxB 80 


Error (w) 


hu <Il: 


SOF . RT HAND NO SATIATION 
o RT HAND SATIATED 
o LT HAND NO SATIATION 
a LT HAND SATIATED 


45 


POINT OF SUBJECTIVE EQUALITY 
E 
o 


( 


30 


15 25 35 50 65 15 25 35 50 65 
V-BAR STARTING POINTS 
PRE-SATIATION TRIALS SATIATION TRIALS 


Fic. 3. Mean T bar width judgments 
before and after satiation (110-mm. I bar; 
35-mm. T bar; V bar starting points in mm.). 


the other two experiments, F (4, 80) 
— 4,51, p <.01. 

Table 3 summarizes an analysis of 
variance of data obtained on satiation 
trials. The nonsignificant F for inter- 
action effects of Groups X Trials 
coupled with the significant F for 
between-group variance, F (3, 20) 
= 8.60, p < .01, suggests that groups 
performed in a consistent fashion at 
their respective levels. The F for 
trials is again significant, F (4, 80) 
= 26.34, p « .01. 

Figure 3 provides a clearer picture 
of the performance of the four groups 
on satiation trials. The single curve 
combining groups on  presatiation 
trials is again provided for compara- 
tive purposes. Most apparent from 
Fig. 3 is that both left- and right-hand 
groups, whether satiated in the tradi- 
tional manner or not, perform in a 
virtually identical fashion. It would 
appear as though the traditional 
satiation technique of rubbing the bar 
is unnecessary, and instructions to 
merely hold, but “appreciate” the 
bar's width, are sufficient. Further 
illustrated in Fig. 3 is the significantly 
different performance of right- and 
left-hand satiated groups in the direc. 
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tions expected on the basis of Exp. 
I and II. 


Dis 


The satiation theory put forth by 
Köhler and Wallach (1944) was based 
primarily on visual aftereffects. The 
later Köhler and Dinnerstein (1947) 
study dealt with a satiated field explana- 
tion of KFAE. Itis the latter applica- 
tion of satiation theory the 
studies question. 

The most apparent difficulty is that of 
the accounting for a single satiated arca 
when both hands of S are involved in the 
critical judgment. Thus, Köhler and 
Dinnerstein caused S's left hand to in- 
Spect an I bar after which this hand 
proceeded to a T bar. In this way they 
could and did hypothesize the existence 
of satiated boundaries of the I bar within 
which (usually) was projected the sub- 
sequently presented T bar. But what 
of the right hand? In the last analysis 
it is S's right hand which indicates the 
POE on a variable bar. Inaccuracies of 
the right hand reveal the presence or 
absence of KFAE. The problem is that 
of accounting for the cortical locus of the 
right hand's information. Does it pro- 
ceed to the same satiated area created 
by the left hand or to an entirely different 
location? In any event, it would seem 
as though a single cortical arca is in- 
sufficient to account for the variety of 
Sensory channels stimulated and that 
at some location a comparison or contrast 
between left- and right-hand stimuli is 
effected. The present studies sought to 


bring these and other questions to the 
fore. 


SSION 


present 


Two aspects of these studies may be 
dispensed with rather briefly. First, Ss 
who have been given the opportunity to 
form a perceptual impression of an object 
will judge a subsequent Object in relation 
to the previous one. Simply holding a 
bar as in Exp. III is just as effective a 
means of altering subsequent perception 
as is the process of rubbing the bar. 

Secondly, in Exp. III 
guarantee that the 35-mm. 
sufficiently "within" 


we cannot 
T bar was 
the satiated bound- 
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110-mm. l 
be 


the 


effects 


of bar that 
satiation could avoided. If 
satiation theory is correct then we must 
assume the 35-mm. bar was not far 
enough removed. On the other hand 
contrast theory would require no such 
assumption of distance. While erer 
and Duncan (1959) employed I and 
bar ratios more extreme than employed 
here and their data are in support of 
satiation theory, their use of a eles 
shaped V bar gives rise to questions o 
cues arising from the end of the V bar. 

The behavior of Ss whose left hands 
received. the satiation experience, sub- 
sequently proceeding to the T bar, ofers 
few problems of interpretation for either 
contrast or satiation theories. Satiation 
asserts that, 


ies sO 
aries 


T-objects recede from areas in which I-objects 
have been shown, particularly from regions 1 
which the contours of these objects have been 
located [Kóhler, 1951, p. 200]. 


Thus, in Exp. I the satiated boundaries 
of the 2.5-in. I bar caused the subse- 
quently presented 1.5-in. T bar to “re- 
cede" perceptually and be judged nar- 
rower by Ss who had previously judged 
the same bar more accurately. In Exp: 
III we have a similar situation. and 
explanation with, however, a 110-mm. 
I bar and a 35-mm. T bar. In this case, 
despite the rather marked discrepancy in 
size, the boundaries of the 35-mm. T bar 
"receded" and this bar was judged to be 
narrower than 35 mm. 

It is, of course, possible to interpret 
these data in terms of contrast. That 15 
after prolonged experience on the 2.5-in. 
or 110-mm. I bars, the 1.5-in. and 35-mm- 
'T bars, in comparison, were judged nar- 
rower than they were when judged with- 
out the I bar experience. Similarly, 4 
baseball bat feels lighter if a heavier bat 
is hefted first. 

The same explanations pertain to 
Exp. II in which a 35-mm. I bar and a 
60-mm. T bar were employed, In this 
Case satiation theory would describe the 
T bar boundaries as falling beyond the 
previously satiated 35-mm. I bar bound- 
aries. Even so, the spread of excitation 
from the I bar experience would cause the 
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T bar boundaries to recede, giving rise 
to a "wider" judgment than occurred 
without satiation experience. Contrast 
theory would again assert that the con- 
trast [rom narrower to wide enhances the 
percept “wid Again, a baseball bat 
feels: “heavi if one has become used 


to a light one. 

It was appare 
left-hand satiated Ss n 
and III employed I and T ins HE 
differed in the same dispen. dm 
planation of the data was Ws Eure 


Equally apparent was the fact wo 
Exp. II, in which the direction of mS 
and T bars' size difference was reversed, 


the explanation remains the same, e 
in a sense, reversed. ‘Therefore E 
repetition and confusion, the « prelio 
from this point generally, is ja : par 
to the right-hand satiated 55 data of 
ticular, will refer only tO i a 
Exp. II. 

The right 
satiation experience procee 
bar with their left hand to 
The T bar under this Pr rior to 
judged wider than it was P 
satiation, and wider than "n 
judged it to be under = hen, more 
satiated condition. Theissue * han con- 
pertinent to satiation Lam de he T bar's 
trast, is that of accounting fort d rather 
PSE being in a direction tow undaries. 
than away, from the I bar to consider 
It seems necessary therefore ‘hich have 
two aspects of KFAE puai ‘don in the 
received relatively little =: starting 
past—namely, the role nent and the 
points" or V bar hand place" 
role of the unsatiated hand Ily counter- 

KFAE studies have tt : V bar as 
balanced starting point 
Was done in the stu : 
Unlike previous KFA SE) from each 
the mean judgment P 
Starting point is give 
Studies rather than 
measure. A close inspector ne starting 
will reveal the importance of t 
points. 

After satiation O 
Ss of both groups h 
placed on the V bar whic 


nt in the discussions of 
that since. Exp. I 


these Ss after 
hand of ded tothe V 
the T bar. 


trial had been set at an opening of either 
15, 25, 35, 50, or 65 mm. If we look at 
the behavior of both groups at each of 
these settings we find their judgments 
(i.c., their instructions to Æ to open or 
close the vise) proceed in the same 
direction for each setting save one. 
Hence with the vise set at either 15 or 
25 mm., both groups move toward the 
T bar POE (35 mm.). The left-hand 
group underestimates; the right-hand 
group overestimates. Both groups are 
obviously moving toward, or to the 
boundary of, previously satiated tissue. 
Apparently, however, the satiated bound- 
ary differs according to the hand satiated. 
With the vise set at either 50 or 65 mm., 
both groups move away from satiated 
tissue and toward the POE, but again 
the boundary is not the same for both 
hands nor is it the same as it was for the 
15- or 25-mm. V bar setting since the 
PSEs differ rather markedly. Only when 
the vise was set precisely at POE do 
the two groups move in opposite direc- 
tions. The left-hand satiated group 
moved to a narrower setting; the right- 
hand group to a wider setting. 

It is important now that we distinguish 
between our groups in a manner other 
than right and left hand satiated. We 
can distinguish between the right- and 
left-hand satiated groups if we refer to 
the former as an "indirect" contrast 
group and the latter as a “direct” 
contrast group. These terms simply 
note that the contrasting objects, the I 
and T bars, are felt by the same hand 
(sensing organ) in one case and by 
opposite hands in the other. Thus the 
left-hand satiated group makes a "direct" 
comparison (I bar to T bar) while the 
right-hand satiated group makes an 
"indirect" comparison (I bar to V bar). 

At least three things seem clear from 
the present studies. Both satiation 
theory and contrast theory have diffi- 
culty explaining the "indirect" contrast 
(right-hand satiated) group. While con- 
trast theory experiences no difficulty 
whatever in explaining the “direct” con. 
trast (left-hand satiated) group, satiation 
theory does. It must resort to additional 
assumptions (e.g, the assumption of 
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"distance" of T bar boundaries from 1 
bar boundaries), and even then, this 
group does not perform in a consistent 
manner. That is, at times this group 
proceeds toward satiated areas and at 
other times away. n no case do the 
PSEs or "satiated boundaries" coincide. 
Secondly it is apparent that the PSEs 
are influenced not only by I and T bar 
sizes but by V bar settings. Thirdly, Ss 
Provided with the opportunity to con- 
trast stimuli directly are on the average 
more accurate in their judgments than 
Ss who must rely 
Parison. 

If a rule could be stated, it would be 
that when two objectively discrepant 
objects are directly compared any error 
manifested will be in the same direction 
as the objective discrepancy between the 
second object as compared to the first, 
Thus an I bar followed by a smaller 
T bar presented to the same hand, will 
find Ss judging the T bar to be smaller 
than it actually is. If two objectively 
discrepant objects are indirectly com- 
pared any error manifested will be in the 
same direction as the objective dis- 
crepancy between the first object as 
compared to the second. Thus an I bar 
presented to one hand, followed by a 
smaller T bar presented to the other 
hand, will cause Ss to judge the T bar 
to be larger than it actually is. 

It would seem then, that the phe- 
nomenon we have been referring to as 
KFAE is but another aspect of that 
larger phenomenon involving man's re- 
Sponses to contrasting stimuli whether 
such stimuli be forces 


on an indirect com- 


Or pressures, 


MOYLAN 


auditory or visual, chemical or tactual. 
By focusing attention on external func- 
tions and manipulanda rather than on 
presumed internal states, it would also 
seem as though more sonatas pede 
tions covering a greater variety 0 
stimulus conditions would result. 
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EFFECT OF OVERLAPPING CUES UPON 
DISCRIMINATION LEARNING ! 
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ithematical models of discrimination learning of 
1957), Estes (1959), and Restle (1957, 1958) were 
dicted which of 2 reinforcing events would ap- 
several stimuli cach composed of 8 cues. 
% of the time with 1 set of stimuli (S100) 


Rein- 


inforcement was available with a 2nd set of stimuli 
variable was the proportion of cu 
Values of C were: 1, 
f C between 0 and .75, the probability of prediction of 
t in the presence of Sioo increased at approximately 
at .98. These findings tend to favor the 
stes. The discrimination task used was found to be 
the component model of Burke and Estes. 


s common 
, and 0. 


50, 


Before proceeding to a detailed 
consideration of the experiment and 
the predictions certain discrimination 
learning models make about its 
outcome, certain abbreviations and 
boundary conditions need to be intro- 
duced. Two sets of nonoverlapping 
discriminative stimulus elements are 
referred to as Sı and S» A set of 
common (overlapping) elements is Se. 
On a T; trial E samples elements from 
S; and Se and on a T* trial E samples 
elements from S: and Se The two 
mutually exclusive and exhaustive 
response choices are A, and As. The 
two mutually exclusive and exhaustive 
events which are predicted by a 
response are Ey and Es. The proba- 
bility of E,ona T3 trial is 711, and mi 
is the probability of E; on a T» Trial 
The probabilities of A; on T; and T. 
trials are referred to as Pi; and P, i 
respectively. Trials of Type T, and 
T, occur with equal frequency. The 
proportion of overlapping elements 
C, ina sample of elements may tale 
on any value between 0 and 1. A 
given value of C remains constant on 
all trials, both 7; and T». Over trials 

v 


qu = Land m1 = 3. 
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Three mathematical models of dis- 
crimination learning have been found 
to yield three clearly different pre- 
dictions Concerning the effects of over- 
lapping stimulus elements (cues) upon 
the rate of change and asymptotic 
value of Py, and P» in the situation 
described. Restle (1957, 1958) has 
Presented a theory which assumes 
that the rate of discrimination learn- 
ing depends upon the mean validity 
of all cues, Validity (V) of a cue is 
defined to be (27—1)*, where r is the 
probability of Ey given the cue in 
question, averaged over T, and T, 
trials. Thus, V(S1) = 1, V(S:) = 0, 
and V(S.) = .25 in the present situa- 
tion. Restle assumes that the condi- 
tioning or adaptation of a cue takes 
place on a relational basis. A cue (a) 
will be conditioned if it has greater V 
than another cue (b) appearing at the 
same time, and Cue b will be adapted 
with respect to Cue a. However, a 
cue, b, adapted with respect to another 
cue, a, may be conditioned relative 
toa third cue, c, provided that V, > V. 
and provided that the three cues, a, b, 
and c, never appear simultaneously. 
With respect to the situation under 
discussion, Restle's model predicts 
that S, will become adapted relative 
to Sı which will be conditioned, and S, 
will become adapted relative to Se 
which will be conditioned. Since the 
rate of conditioning (9) of a cue de- 
pends not only upon the difference 


Proportion of ¢ 
of greater V, 


where z is the number of Cues, a or ù, 
Itfollows that an increase in C reduces 
the rate of conditioning of Si cues on 
Tı trials (consisting of Sit S, cues), 
and it increases the Tate of condition- 


ing of S. cues on T> trials (consisting 
of S. + S» cues). Given an increase 
in C(0 € C <1) in the experiment 
under discussion, Restle's model pre- 
dicts that: (a) the rate of increase 
of Pj from trial to trial decrease 
(b) the rate of increase of Pa = 
creases; (c) Pu = 1 at asymptote; 


and (d) Ps = .75 at asymptote. b. 
C — 1, the model predicts that Pii 
= Py = .75 at asymptote. 


Burke and Estes (1957), enlarging 
upon statistical learning theory, n 
sume that the proportion of a set i 
cues conditioned to response Ay M 
equal the probability of Zi QUE 
trials on which the cues occur; this 
Proportion is referred to as $ = 
Rate of conditioning of cues depends 
only upon the rate at which S samples 
all available cues, hence rate of condi- 
tioning is independent of C if C is nok 
correlated with the number of cues 
available for sampling. The asymp- 
totic probability of response A4, is à 
weighted sum of $'s in which the 
weighting factor is the proportion of 
one set of cues of the total population 
of cues available for sampling on 
a given type of trial (Ti or Ta) 
The asymptotic value of Py, = Coe 
+(1—C)¢:, and the asymptotic 
value of P, = Có. + (1 — Ce: in 
the situation under discussion, e.g., i 
C= 5, Pus = 875 and Py, = .625. 
It is apparent that the theories of 
Restle and of Burke and Estes are 1n 
direct disagreement concerning rates 
of conditioning and asymptotes of P11 
and P, : 

Although Restle's model permits 
treatment of a pattern of cues as 2 
single cue, its major emphasis is i 
that of the Burke and Estes mode 
in which a discriminative stimulus !$ 
treated as a collection of independent 
elements. Such a view, as recognized 
by both theories, is an oversimplifica- 
tion of the properties of discriminative 
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stimuli. In particular, the “elements” 
of a stimulus tend to form a stable 
structure which is duplicated more or 
less exactly on successive presenta- 
tions of the stimulus in most discrim- 
ination learning situations. Estes 
(1959) has developed a pattern model 
of discrimination learning in which a 
pattern is assumed to be an indivisible 
Stimulus unit, e.g., each pattern is 
unique although patterns may share 
elements. The probability of response 
41 to a pattern increases with an 
increase in the value of a ree 
parameter q to an asymptote i eid 
the probability of £1 associatec res a 
the pattern. The value of q is e : 
for any one experiment. When t iere 
is more than one pattern, the rate o! 
increase of the probability of 4; from 
trial to trial decreases with an — 
in the number of een Es 
Asymptotic probability of 41 1S Palit 
to the probability of £i "x da $ Gf 
the patterns available for rn m 
each is displayed equally © i "s i 
the present experiment, 1n W p is 
is a constant when C < = ed 
Pattern theory predicts for a ke io 
of C <1 that: (a) Pu increases sei 
Same rate to an asymptote at oc of 
and (b) P, remains fixed at vie s 
7T»-—.5. If C=1, Py an anv 
Crease at an equal rate to a n 
tote at Tu = Ta D = 75. Ae gs 
have three theories in 59?2 P 3 
Agreement. Given an me adé 
C(0 € C < 1) in the caen a no 
discussion, Burke and Estes ap s 
effect upon rate of eei etn 
effect upon asymptotic PCT Qu 

estle predicts no effect upon : md 
totic performance but an nn res 
rate of learning, and Estes pre dew 
effect upon either rate of ow E 
asymptotic performance. egt in 
all three theories are in agree™ 


Predicting Py = Pa = (run 


at asymptote. 


The purpose of this research was to 
test the relative merits of the three 
theories cited by varying C in a dis- 
crimination situation designed to meet 
the restricting assumptions of all three 
theories insofar as possible. An 
adequate test requires that the dis- 
criminative stimuli be susceptible 
alternatively to component or to pat- 
tern perception. It also requires a 
minimization of the role of mediating 
response mechanisms by means of 
which human Ss commonly partition 
a stimulus pattern along dimensions, 
e.g., mediating verbal responses to 
color, shape, etc, in a concept 
identification task. Such partitions 
would introduce a third class of 
stimulus units which would not be 
under the direct control of E. A 
situation in which mıı = 1 and m2; = .5 
is best suited to the test since the 
value of Ps; is a sensitive measure of 
the conditioning status of common 
cues. 


METHOD 


Subjects.—The Ss were 120 undergraduates 
whose participation fulfilled a requirement of 
the introductory psychology classes from 
which they were drawn. They were assigned 
randomly to treatment conditions with the 
restriction that there be an equal number of 
Ss in each condition. 

Apparatus—A vertical stimulus display 
panel 28 in. X28 in. containing a 6 X 6 
matrix of l-in. pilot lights, 4 in. apart on 
centers, was located 8 ft. in front of S. A 
sloping front response panel was located on 
the table at which S sat. The response panel 
contained two button switches 6 in. apart 
and two 1-in. pilot lights, green on the left 
and red on the right, each 4j in. above a 
switch. An opaque screen separated ad- 
jacent Ss. 

Experimental events were controlled by an 
automatic programing device. Separate 
counters recorded responses to.each of the 
button switches for each S. 

Design and procedure.—Values of C em- 
ployed were 0, .25, .50, -75, and 1. Each 
stimulus consisted of the illumination of eight 
lights in the display panel. An illu- 


ilot play pai 
pilo ted pilot light is identified with an 


mina 
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1.00 


MEAN TRANSFORMED SCORE 


l 2 3 4 5 


.97 


.88 


75 


UNTRANSFORMED PROBABILITY 


59 


6 7 8 9 10 


BLOCKS OF 18 TRIALS 


Fic. 1. 
cues (C). 


element in the models of Restle and of Burke 
and Estes. The stimulus combination of 
eight pilot lights is identified with a pattern 
in Estes’ model Lights were randomly 
assigned to S1, Sz, and Se A new: ignment 
was made for each subgroup of Ss. Once 
lights had been assigned to sets of elements, 
six random combinations of eight lights from 
Si + Se were formed for presentation as 
stimuli on 7; trials, and six random combina- 
tions of eight lights from S: + Se were formed 
for presentation as stimuli on Ts trials? The 
appropriate value of C was maintained 
exactly in each stimulus, e.g., if C = .25, 
there were two Se lights in each of the 12 
stimuli. The probability of a light appearing 
in a stimulus combination was .5, and this 
probability was maintained exactly for all 
lights. The number of cues in S1, Se, and 
Se consequently varied with the value of C, 
eg. if C = 25, n, = ns = 12 and ne = 4, 
but if C = .75, ni = m = 4, and ne = 12. 
An experimental session consisted of 10 
consecutive blocks at 36 trials each. The 
order of presentation of the 12 stimuli was 
random with the restriction that each must 
be presented three times in each block. 


Ten 
stimulus sequences, one per block, were 
prepared. Each session employed a random 


permutation of the 10 stimulus sequences. 


3 When C = 1, there were only six stimulus 
combinations. 


Mean transformed Py, (Ti) and Pa (Ts) è 


apping 


a function of proportion of overl 


. idm H M » scale. 
(Untransformed probabilities of response appear on the right ordinate sca ) 


m cnr idit were 
Phe left response button and event light 


3 x caly. for hal 
designated Ay and £i, respectively, for right 
of the Ss in cach subgroup, and the T! 


button and light were Ai and Æ respective 
for the other half of the Ss. — 

The Ss were read instructions to the am 
that they were to respond to the stimu 
combination displayed on cach trial y 
operating one of the two button switches oh 
the response panel corresponding to whic . 
of the two event lights they expected to come 
on. Care was taken to make no reference tO 
the stimulus combinations which would bun 
Ss to respond to patterns or to compone 
elements. The Ss were urged to try to os 
as many correct predictions as poss! Jus 
Temporal relations were as follows stimu d 
duration, 3 se nterval from termination 
the stimulus to onset of the event light, inl 
sec. ; duration of event light, 1 sec intertr 
interval, 2.5 sec. 


RESULTS 


The data treated were the values of 
Py, and Pa, taken over successiv? 
blocks of 18 trials. Due toa decrease 
in variance with an increase 1H d 
value, these data were subjecte 7 
an arc-sine transformation. Tran? 
formed Ps comprised the data in @ 


A. 
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statistical analyses. Two analyses of 
variance of trends (Edwards, 1960) 
over 10 blocks of trials were per- 
formed separately for Pii and Po. 
Figure 1 shows curves of mean 
transformed Pi and Pst for each value 
of C over the course of training. Itis 
apparent that the rate of increase and 
terminal value of Pi; were approxi 
matelv the same for all values of 
C <1. The 90% confidence band of 
mean points of C = 0.00 included the 
Mean points of all values 0 C< h 
and vice versa. Values of Ç <1 ae 
no appreciable effect upon the e 
increase and terminal value of zn 
The 90¢% confidence band of mean 
Points of C = 0.00 included the mean 
points of all values of C < 1» and Mace 
Versa. There was a significant effect 
of values of C in analyses of eg 
of transformed Pi; and Pen F ($, : a 
= 10.83 and 10.15, respective h 
p <.001, The C X Blocks of "n 
interaction was significant T 1035) 
transformed Pr and Pen F (36, 01 
= 1.70 and 1.89, respectively, He rere 
lowever, when the C = 1 data E im 
eliminated in two supplemen d 
analyses of variance, the only ne 
cant effect at the .10 level was = » 
of trials, F (9, 828) = 111.5/ ^ a 
or Pi and Pors respectively, £ TS af 
Separate analyses of yoram Ps 
trends of transformed Pu um 
Were performed on the last s ks of 
of trials, Neither effect a pj" 
trials was significant at the AEn 
Indicating that both Pi and Pa 
approachi at) asy . 
n fact, hing Bo of Px: for all values 
of C < 1 appear to be d 
the third block of trials. 
à nonsignificant quadratic 
Polynomial component O 
trials fails to lend supPor 
Teliability of the latter trend 
evel, When C <1, Pn =: 
transformed, at asymptote 


untransformed asymptotic values of 
Ps, are examined, Ps; = 59 when 
C«1. When C=1, Pu =.81 and Po, 
= .79, untransformed, at asymptote. 
Neither of these latter P values differs 
significantly by ¢ test at the. 10 level 
from the value of .75 predicted by all 
three theories under examination. 


DISCUSSION 


Among the three theories of discrimi- 
nation learning whose predictions this 
research was designed to test, the pattern 
model of Estes (1959) fared best when 
confronted by the data. Considering Pi, 
values first, both Estes (1959) and Restle 
(1957, 1958) predicted asymptotic values 
of unity when C « 1, while Burke and 
Estes’ (1957) component model pre- 
dicted asy mptotes decreasing from unity 
to .75 as C increases from zero to unity. 
Both Estes and Restle's predictions 
were in close agreement with the data, 
while Burke and Estes’ predictions were 
underestimates except in the case where 
C= 1. Restle's prediction that the rate 
of increase of Pi; would decrease with an 
increase in C (0 < C < 1) did not receive 
statistical support.! However, a non- 
significant tendency was observed for the 
rate of increase of Pj, to be most rapid 
when C — 0. There is a possibility that 
a more powerful experiment might have 
supported Restle's predictions concern- 
ing rate of increase of Py, as a function 
of C. Estes’ pattern model successfully 
predicted the apparent independence of 
rate of learning as a function of C « 1, 
In the case of Pai, Estes' pattern model 
predicted an asymptote at .5, Restle 
predicted .75, and Burke and Estes 
predicted values decreasing from .75 to 
.5 as C decreases from unity to zero. 
Estes' prediction was closest to the 
observed asymptote at .59 when C « 1, 
There was no indication that asymptotic 
values of Pai increase with an increase in 
C when C <1 as predicted by Burke 


1 However, failure to reject the null hy- 
pothesis of equal rates does not prove that 
hypothesis. See Grant (1962) for a discussion 
of this problem in tests of quantitative models, 
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and Estes. Statistical support was lack- 
ing for Restle's prediction that the rate 
of increase of P; increases with higher 
values of C. Although Restle predicts 
a slow rate of increase of Pa, there was 
no indication that P», was increasing at 
all beyond the fourth block of trials 
when C <1. All three theories success- 
fully predicted the results when C = 1, 
which was a case of nondiscriminative 
probability learning similar to that of 
Estes and Straughan (1954) and yielding 
the familiar probability-matching phe- 
nomenon. 

There can be little question that S's 
behavior was most consistent with a 
pattern model. Undoubtedly, the stable 
Structure of cues comprising a stimulus 
was more conducive to pattern identifica- 
tion than to identification of discrete cues. 
To this extent the nature of the stimuli 
biased the test against the Burke and 
Estes component model. However, the 
fact remains that Ss chose to respond to 
pattern rather than to components of 
thosepatterns. Estesand Hopkins (1961) 
found that Ss approached perfect discrim- 
ination of patterns made up of constit- 
uent subpatterns which were separately 
associated with different events. The 
conclusion seems inescapable that Ss gen- 
erally will attach responses to patterns 
whenever there is aset of recurrent stimu- 
lus structures reliably associated with a 
reinforcingevent. Therangeof conditions 
in which this result is obtained has yet 
to be determined, however. Estes and 
Hopkins’ results support the present 
finding that the rate of discrimination 
was unaffected by the value of C, if 
C <1. As long as two stimulus struc- 
tures are discriminably different, the 
extent of overlapping of components 
seems to have no effect upon pattern 
discrimination. However, this general- 
ization may not apply in cases where 
there is a high degree of similarity of the 
structures of stimulus patterns, e.g., two 
or more ellipsoidal figures. Also, the 
minimum degree of discriminability re- 
mains to be ascertained. 

The present findings are in substantial 
agreement with Part II of the study of 
Estes and Burke (1955) in which only 


background stimuli constituted . So 
However, Estes and Burke emphasized 
the results of Part I of their experiment, 
in which Py, failed to approach unity, as 
being due to the effects of Se cues. Part 
II of their study plus the present findings, 
both based on a larger number of trials, 
suggest that Pi eventually will e 
unity if C <1. The present resu ts 
indicate that the rate at which da 
approaches unity will not vary if e bad 
The present data resemble the nap ie 
in Estes and Burke's data for Pn o 
increase above .50 early in training ge 
then to drift back toward .50. SHE 
is found for their suggestion that € 
conditioning of responses to Se cues ! 
reduced during the course of traine 
The manner in which such a reductio! 
occurs in the weight of Se remains ig 
clear, although Restle's (1955, 19 a 
1958) adaptation model offers one p 
sible explanation provided that ir 
adaptation of S, cues on T; trials tra! 
fers to T% trials. 

The failure of P»; to equal .50 at we 
end of training may have been due eit? : 
to an insufficient number of trials or ips 
stable level of conditioning of Se ee 
ments. The latter interpretation woul 
mean that S, has no effect upon proba- 
bility of response when 100% reinforce- 
ment of a stimulus is available, but that 
it does have an effect if 100% reinforce- 
ment is not available. Verification ° 
this hypothesis must await further 
experimentation. 
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VARIATION OF POSTF 


IBACK INTERVAL IN SIMPLE 


MOTOR LEARNING 


DOROTITE R. WEINBERG, DONALD 


Universi: 
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The effects of varying postinformative feedback (post-1E) intervals 
(1, 5, 10, and 20 sec.) on learning a simple motor task were investigated. 


It was concluded that increasing this interval fac 


to an optimum (5 sec.). 


varied intertrial and post-IF inte 


In recent studies Bilodeau and Bilodeau 
(1958) and Denny, Allard, Hall, and Rokeach 
(1960) found that increasing the time interval 
between presentation of informative feedback 
(IF) on one trial and the occurrence of the 
“ready” signal for the next retards perform- 
ance in simple motor tasks, e.g., learning to 
pull a yardstick 10 in. from a sheath while 
blindfolded. According to Denny et al. this 
deterioration is particularly noticeable when 
the response to be learned is unidentified, 
Le, when IF is given in unspecified “units” 
of error. 

With a more complex task, concept 
identification, Bourne and Bunderson (1963) 
also found post-IF interval to be a crucial 
factor affecting performance. However, in 
this study, increases in post-IF interval 
produced uniform linear decreases in mean 
number of errors. In addition to obvious task 
differences, the motor ills and concept 
identification experiments explored essentially: 
nonoverlapping ranges of post-IF intervals. 
The shortest interval used by Bilodeau and 
Bilodeau was 8 sec., while the longest interval 
of Bourne and Bunderson was 9 sec. Dis- 
crepant results of these experiments may be 
resolved by an investigation of short post-IF 
intervals, on the order of those used by 
Bourne and Bunderson, in a motor skills task. 
On the assumption of a singular fundamental 
effect, it is hypothesized that increases in the 
post-IF intervalin a motor skills task will 
improve performance up to some optimum 
beyond which the decremental effect of 
Bilodeau and Bilodeau will obtain. 

Method.—' The apparatus was a duplicate 
of Bilodeau and Bilodeau's stick-pulling task 
used in their Exp. 5. The S was to learn to 
pull a yardstick 10 in. out of a sheath while 
blindfolded. After S's response on each trial, 
E stated a number (IF) which indicated the 


An interpretation was st 
vides a resolution of conflicting results found in 
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itates performance up 
sted which pro- 
irlier experiments using 


rvals in widely different tasks. 


; i in 
extent of error, above or below 10 ins 


unidentified units (actually j-in. units). A 
5s were given 25 trials, each of which Be : 
with a “ready” signal, followed in order bs 
S's response (5 sec. allowed maximum), a 
(immediate verbal description of the exte 7 
and direction of S's error), and the per 
interval (during which .S rested his pae 
Forty Ss, enlisted voluntarily from T 
ductory psychology classes, were assignee i 
equal number to four groups dif TIT ras 
length of post-IF interval, which took và 
of 1, 5, 10, and 20 sec. xu. of 
Results and discussion.— An analysis ie 
variance performed on extent of abso n n 
error showed no overall significant variatio" 
among the four post-IF intervals in BUT 
pulling performance. However, respon 
accuracy, which was nearly asymptotic artes 
25 trials, reached markedly different termina 
levels. The interaction of trials by posto 
intervals was significant, F (12, 144) = vu 
b <.01, A further analysis of varda ad 
performed on the final 10 trials only, show? 
significant variation among the four pari 
intervals, F (3, 36) = 5.40, p « .01. A ITE 
trast of the 1-sec. group with the remain ; 
three groups was highly significant, F O50 
= 7.99, p < .01, accounting for 87% o! vis 
variance attributable to post-IF condit 
Thus, the 1-sec. group produced iene 
worse performance than the other t en 
groups. No other contrast approache 
acceptable significance level. 
i The RM of this study extend and pos 
to unify the experimental findings on lin 
effect of variation in the post-IF interva ig 
two grossly different tasks, motor t ed 
and concept identification. They are ET 
comparable to the results of Bourne LF 
Bunderson, who concluded that the Po 


g T ; trial 
interval is the locus of at least some intra 
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learning, As the length of the interval in- 
creases, «o does the opportunity for S to 
make use of the information provided on any 
trial, thus facilitating overall performance. 
A reasonable interpretation of the conjoined 
results of this experiment and the Bilodeau 
and Bilodeau study is that intratrial learning 
in simple motor tasks is effectively complete 
after some short time (approximately 5 sec.) 
and that with longer intervals, as Bilodeau 
and Bilodeau suggest, some forgetting may 
Secur, Altogether, available data suggest an 
optimum post-IF interval resulting from 
simultaneous acquisition and forgetting ef- 
fects, This prediction should be further 
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CTS OF 


EF 


explored in a study of concept identification 
using a broader range of post-IF intervals 
than that of Bourne and Bunderson á 
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PROMPTING AND CONFIRMATION IN A 
SERIAL LEARNING TASK? 
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60 Ss learned an electric: 


a prompting procec 


cedure. A prompting procedi 
making incorrect responses w 
learning. The results indicated no ¢ 


terms of number of errors or tr 


results did indicate that c 
ance as measured by time 
present study failed to support 
that prompting leads to 
results do support those from 


learning. 


roced : e os 
cedure is {fective 1n u 
er is a “confirma 


procedure 15 
om making 


ave used the same paire 
test the the present study W 
i relative effects of the two 
Thee ne learning task—maze 
*ralit the results should indicate 

ity of previous research findings- 
North C 


as designed 
proced ures 


learning. 
the gen- 


1 " lina 
rolina 
State Gis research was carried out at * 
£e, Raleigh. Saa 
advies author wishes to thank Jobn O- Cook 
2 Now assistance. 
W at the University of pittsburgh. 


for his 


lure and the others 
ure is one in which S is prohibited from 


hile confirmation refers to trial-and-error 


ials to reach criterion. 
onfirmation re: 
required to traverse the m: 
the finding from paired 

better performance than confirmation, the 
"response-guidance" studies of maze 


al punchboard maze with half the Ss following 


following a confirmation pro- 


lifferences in the 2 procedures in 
However, the 
sulted in a better final perform- 
, While the 
sociate studies 


Method.— The apparatus was an electrical 
pur -hboard maze which contained 60 metal 
discs (10 rows X 6 columns) with a small pilot 
light mounted above each disc. Electrical 
power was furnished by a 6-v. battery, and 
the maze contained two independent circuits 
so that the discs and lights could be connected 
in two different ways. One circuit permitted 
a prompting technique to be used, while the 
other permitted confirmation. A series of 
switches enabled E to use either or neither of 
the circuits. The entire apparatus was en- 
closed in a wooden box with the face of the 
maze set at à 45? angle so as to be parallel 
to S's face. An electric counter recorded the 
number of incorrect responses, and was en- 
closed in à separate, insulated box so that 5 
could not hear it. 

The Ss were 60 male undergraduate college 
lunteered for the experiment, 


students who vo 
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TABLE 1 


NUMBER or ERRORS AND Tint 10 Traversi Mazi IN Brocks or 1s 


= 


o lesi Tras 


Trials 
Measure Group ; -— = ; BAD 
1-2 3-4 5-0 | ——— 
ing > | 1.77 
Proriptina 9,73 5.20 53 1.73 ET 
SD 3.42 1.45 3.04 2.89 TEN 
Errors p eem | 
"onfirmation. .00 
Confirm iiss - Es 
SD 3.29 3.85 al 
-rompting 14.23 
Erom 24.98 2145 5.04 
SD 10,63 8.03 
Dime Confirmation 10.80 
M 26.08 16.33 3.76 
SD 9.90 9.05 


The Ss were randomly assigned to one of two 
groups upon appearing at the laboratory with 
the restriction that there should be an equal 
number of Ss in each group. Each S was run 
individually. 

One group, Group C, followed 


a confirma- 
tion procedure, 


In this procedure, when 5S 
touched the correct disc in each row with a 
metal stylus, the light directly over it came 
on confirming his response as correct. The 
other group, Group P, followed a prompting 
procedure. In this procedure, when .S 
touched the "Start" disc, the light over the 
correct disc in the first row came on; then, 
when S5 touched that disc, the light over the 
correct disc in the next row came on, and so 
on. Thus, S was shown the correct response 
at each point. 

Since the prompting procedure entailed 
error-free responding, it was necessary to 
interpolate test trials during the practice 
trials so that a measure of learning could be 
obtained. Thus, each series consisted of two 
practice trials following the particular training 
Procedure and a test trial during which S 
traced the pathway through the maze without 
the benefit of the lights. Consequently, the 
test trial was identical for both groups. All 
Ss were given 10 series of trials and, if they 
had not reached a criterion of two consecutive 
errorless test trials by that time, were con- 
tinued until they did reach the criterion. 

Results and discussion, — 
trial, the amount of time 
quired to traverse the Pathway and the 
number of incorrect responses were obtained, 
Analysis of variance was performed on both 
sets of data, and neither analysis indicated 
any overall differences between the two 


During each test 
(n seconds) re- 


: th 
training procedures, F (1, 58) < 1.00 in Bg 
analyses, i 

"rhe data were combined into blocks dia 
test trials each (see Table 1), and a Pep oth 
measures analysis was carried out on ntia 
sets of data to see if there was a differe T 
effect of training procedure over trials. 
analysis of the error scores showed S 
effects, of course, due to trials, but the. 
X Training Procedure interaction = 1,90. 
failed to reach significance, F (4, 232) = were 
In the analysis of the time scores, there aore- 
again significant effects due to trials; icant 
over, the analysis indicated a signifi 05. 
TXP interaction, F (4, 232) = 2.60, P NE 
The interaction indicated that the promp ds" 
procedure resulted in faster “running UP 
during the initial part of training, but ring 
confirmation resulted in a faster final run! 
speed, 


ficant 
‘Trials 


x n astery 
Since all Ss were carried to a ma 


rota. 
criterion, an analysis was made of pn 
number of trials required to reach s ups 
terion. The mean numbers of trials for ei 
P and C were 17.40 and 16.50, respect’ no 
again, analysis of variance gs ; 58) 
differences between the two groups, , 
« 1.00. i 
The present study does not D 
finding from verbal learning studie pro- 
prompting is a more effective traimng no 
cedure than confirmation. There we aber 
differences between the two groups in p Ww 
of errors, or in number of trials to Picate 
mastery criterion. In fact, the data in fina 
that confirmation results in a pene to 
performance as measured by time requir' 
traverse the maze. A 
While the present results failed to 


t the 
that 


gree 


z 
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with those from  paired-associate studies, 
they are in accord with the results obtained 
in the response-guidance (cf. prompting) 
studies of maze learning of several decades 
ago. Carr (1930), in summarizing a number 
of. these studies, indicated that response 
guidance had a sporadic effect on learning, and 
that its effectiveness seemed to depend upon 
the particular task involved. Moreover, he 
noted that response guidance led to a slower 
final speed in tracing a maze. 

. Consequently, it appears that the 
ing and confirmation procedures nee 


prompt- 
d to be 


Joum oi Beisel , , 
1964, ud PE MEET 

CUE SELECTION 

PAIRED- 


JAMES 


investigated more thoroughly in a number of 
different learning situations. 
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A replication was Per 
experiment on cue selection ii 
of their experiment dealing wit 
exactly replicated. Original lea 
was tested to eac c 
Ss was transferred to appropri 
to spell the trigram stimuli a 
graduates. Transfer was virtua 
but very poor to trigrams. 
tistically significant effect on 


F Underwood, Ham, and Ekstrand (1962) 
ae that when S is presented a compound 
RI in paired-associate learning, Cue 
ction may occur. They used seven Wort? 
hae Jor trigram-color compound stimuli 
oll the numerals 2 through 8 as responses, 
Owed by a transfer test in which one or the 
sti er component was presented alone as the 
"mulus, A control group continued with 
bie original compound. 1n the case o! pe 
waeram-color compound, complete ponds 
Sin. found to color as à stimulus but only 
all positive transfer for the trigrams- 
"Method, —The present experim 
e gem Gon 
9 additional varia b 
a the Ss were required to spell aloud the 
Stam portion of the stimulus during initia 


les i 
arning and the relevant transfer condition. 
eliminate the 


15 procedure w; igned to 
e was desi 
red the more 


Possibili > 
dig. ity that Ss simply igno 

ne eult Portion of the stimulus, Second, 2 

transfer condition was added. One group 

1 Th; the 

This research was supported bya grant froh TO 


Nati 
ion; 
B al Science Foundation. „We, are fie original 


Stud; Underwood for supplying details © 


h stimulus component alone. 
ate color names and 3 the Ss were required 


loud during learning. Ss were 80 under- 
lly complete to colors and color names 
ing the trigrams aloud had no sta- 


Spell 
the transfer performances. 


formed of the Underwood, Ham, and Ekstrand 
ion in paired-associate learning. The portion 
h trigram-color stimulus compounds was 
rning used compound stimuli, transfer 


In addition 1 group of 


was transferred to printed word stimuli which 
named the relevant color portion of the 
original compound stimulus (e.g., RED, BLUE 
YELLOW, etc.). ! 

If, as many mediational theorists suggest 
Ss use verbal labels during initial learning, 
or, if the mediational responses to colors and 
color names have high overlap, or, if Ss have 

TABLE 1 

Mean NUMBER OF TRIALS TO CRITERION IN ORIGINAL 


LEARNING AND Mean NUMBER OF CORRECT 
‘ANTICIPATIONS IN TRANSFER 


Original Learning Transfer 

Trials Anticipations 

Trigrams 
M SD M SD 

Not spelled 
CON 16.8 9.6 67.4 2.5 
c 15.6 5.2 64.6 45 
cw 10.8 5.3 66.9 2.2 
t 12.1 43 35.1 11:3 

Spelled 

SON 13.3 3.7 68.0 1.8 
È 18.9 7.1 64.5 5.3 
cw 16.6 65 64.8 510 
a 15.1 4.7 42.0 10.0 
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TRIGRAMS NOT READ 
— — CON 
——o C 
a GN 
ki T 


MEAN CORRECT RESPONSES 
A 


E 
(2345 6 7? 8 9 io 


4 
TRIGRAMS READ | 
eo——e CON 
o——0 C 
s—— CW 
a T 


ak 


1 " 
t 2. 32 X 5 6 


TRANSFER TRIALS 


Fic, 1. 


very strong associative links between colors 
and color names, the transfer to the color 
name as stimulus should be virtually as 
efficient as transfer to the color itself. 

With these two exceptions, the material 
used and procedures followed were exactly 
the same as those of Underwood et al. (1962). 

There were four transfer conditions: 
control (CON) with the original compound 
stimulus, trigrams alone (T), colors alone (C), 
and color words alone (CW). Half the Ss 
in each group were required to spell the 
trigram stimulus aloud in initial learning. 
There were thus eight conditions. There were 
10 undergraduate Ss in each condition, 

Results.—Table 1 shows the mean number 
of trials to learn the original list to one perfect 
recitation and the mean number of items 
correctly anticipated in 10 transfer trials for 
each group. A 2X4 analysis of variance 
on the original trials revealed no significant 
variation from group to group. 

A 2 X 4 analysis of variance of the transfer 
scores showed a significant effect for transfer 
conditions, F (3,72) — 87.3, p < .001, but 
no effect for reading the stimulus or for 
interaction between transfer conditions and 
reading. 

The mean performance of each transfer 
group on each trial is shown in Fig. 1. The 
left-hand section refers to groups which did 
not spell the trigrams aloud, the right-hand 
section to those which did. It is readily 
apparent that no reliable differences are found 
between the group which continued with the 
original stimulus compound, the color transfer 
group and the color-name transfer group 


Mean correct responses for each group on 10 transfer trials. 


in either condition. "The highly signi a 
difference between the transfer condone s 
clearly attributable to the poor per ae 
of the groups transferred to the trigr4 
alone. 


ing 


. : : ur 
Spelling the trigram stimulus aloud d the 


learning had no significant effect om who 
performance of the transfer task. ‘The 55 lors 
spelled trigrams aloud transferred to CO w 
and color names as readily and to trigrams 
poorly as groups which were not require ifi 
read the letters. While the trigram gr ra 
which had spelled the stimuli made wi 
correct responses on transfer than the trig es 
group which had not, the performan À 
were not significantly different, ¢ (18) = £ 
p >.10. att 
When the data are pooled without re 
to pronouncing the stimulus, they comp! 5 
confirm the findings of Underwood, Ham, 
Ekstrand. . can 
With respect to this specific stimulus Ed 
pound, it may be concluded that (a) Colors 
a completely effective stimulus; (b) “Toss 
may be replaced by color words withou feri 
indicating very effective mediated ut 
and (c) directing S's attention to the : 
difficult portion of the stimulus compos. no 
requiring him to read the trigram aloud has". 


ee this 
significant effect on the functioning © 
component in transfer. 
REFERENCE à Cue 
UuxpzRnwoop, B, J., Ham, M.& EKSTRAND, J. ext: 
selection in paired-associate learning. t 
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reaction time (RT) and on 
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MT, whereas they had a re 
index of movement difficulty 
tween 1D and MT was 
2.6 to 7.6 bits per response. 
follow the same type o 

‘The relative i 
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sponses. 
pointing to the $ 
processes. 


did he rolanton of response variability 
One of mes magnitude has long been 
Psycho "" major topics of interest in 
iS AL Recently the effects 
response Pu variables plus that of 
newed q duration have received re- 
Studies iinet in connection with 
the Nr the information capacity of 
For in motor system. 
tems a iysical commun! 
and PAPA. limited band 
Signal power (5), and 
Power (n Gaussian noise O 
(N), Shannon (1948, The 
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MATION CAPACITY OF DISCRETE 
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ynse amplitude and terminal acci 
al accuracy on 2-choi 
3 2-choice 


Both 


e studied. 


found earlier to hold for serial re- 
í RT and MT is interpreted as 
re of perceptual and motor 


17) showed that channel c i qe 
i 'apacity (C 
is equal to POE 


SEN 


NO 
bits per second 


C = W logs 
[1] 


Arguing by analogy, Fitts (1954) 
reasoned that the average amplitud 

(1) of a human movement is oni. 
valent to average signal plus tolus 
amplitude, and that half the range of 
movement variability is equivalent t 

peak noise amplitude (7), and idm 
posed that an index of task difficulty 
(ID) be defined as y 

A 
ID = log: a p] 


In an experiment in which the per. 
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missible plus-and-minus range of ter- 
minal movement error is specified as a 
target band of width (W), and S is 
induced to keep the proportion of his 
responses exceeding this limit small, 
it can be assumed further that 
n = W/2 and therefore ID can be 
evaluated as 


ID = [3] 
On these grounds it was conjectured 
that average movement time (MT) 
should remain constant for different 
values of A and W, within limits, as 
long as the ID ratio remains constant, 
lës 


ID 

ENT RUE 4 

MI De 
where C may be interpreted as 
analogous to man's capacity for 


executing a particular class of motor 
responses in bits per second? Extend- 
ing the analogy to the case where ID 
takes on different values, then if motor 
processes follow the same type of law 
as do perceptual-motor processes, it 
would be expected that, within limits, 


MT =a+b1D [5] 


Fitts (1954) obtained results in 
agreement with these predictions, 
using three different self-paced, cy- 
clical tasks. Performance was maxi- 
mum for a midrange of values of 4, 
W, and ID and fell off gradually out- 
side these values (optimum perform- 
ance being obtained in the vicinity of 
A = 8in. and ID = 4-8 bits, depend- 
ing on the particular task). Subse- 
quent investigators (Annett, Golby, & 
Kay, 1958; Crossman, 1960; Welford, 
1958) have, with minor exceptions, 


3 The analogy with Shannon's Theorem 17 
is not exact, since the ID ratio involves an 
amplitude rather than a power ratio, and 
since the range of variability is used in 
estimating noise amplitude. 
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reported findings that provide general 
confirmation of the theory. The times 
required for different components ofa 
movement sequence appear to follow 
somewhat different rules, however; 
and a more complex relation between 
¿l and IF has been found in certain 
tasks (Andriessen, 1960; Vredenbregt, 
1959). Welford (1960, 1961) has ue 
proposed the adoption of a modifiec 
ID ratio. However, all of these 
results have been obtained in Ppa 
tive self-paced tasks, where the omy 
uncertainty confronting S in regar 
to the requirements of the next e 
sponse in a series has been the un 

certainty resulting from his - z 
amplitude variability in executing enl 
previous response. lt therefore Wé i 
decided to conduct further studies 9 


A ay when 
the generality of the theory si Me 
. . = pe 
applied to discrete movements. (RT) 
rate measures of reaction time 
taken: 


and movement time (MT) were 


ze : the 

and variations introduced !" hat 

: i 

degree of uncertainty as to W an 
response would be required bY 


next stimulus. 

The experiments were planned t? 
provide answers to the following 
specific questions: (a) Does a sing © 
index of performance apply equally 
well to both discrete and serial tasks : 
(b) Are RT and MT affected in hes 
same way by variations in tas" 
conditions? 


METHOD 


Apparatus and task —The Ss bi t starting 
weight metal stylus on a small meta s idway. 
plate (see Fig. 1), fixated a point m du E 
between two signal lights, and when O 2 
the lights came on attempted es 
priate one of two alterna ive | e 
quickly as possible. Target widths d K 
varied (all were 4 in. long) ; targets CO 


4 5 r left 
located at any desired distance to right 0 


eld a light" 


F u 
threshold for detection, passed ate 2 
body, whenever the stylus was 1r 


-= 
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Stimulus lights 


— .. Fixotion-point 


o 
o o 


K of R lights 


Vic, 1. Plan view of the apparatus. 


zer with the starting button, the target 
Foi or overshoot and undershoot plates on 
we er side of the target. ‘Three time clocks 
t re used to measure RT, MT, and total time 
© the nearest ‚01 sec. Lights for knowledge 
2 Tesults provided immediate information 
garding hits, overshoot errors, and under- 
shoot errors. , S 
ie e Six paid male 55, 
» Were used. 
tio Condillons of A and w.— Twelve ame. 
wid s of movement amplitude (4) and arget 
2i h (W) were provided by using 3-, 0^ p. 4 
Sta 'n. values for A, the distances between th 
Starting button and the midline of the target, 


in HEEE 
, Combinations with 5-, anc 


18-25 yr. of 


"254 255 55 
a k 
n values for W (see Table 1). B 
cars ellie =A; series of five studies Was 
pane out (sce Table 2). "The conditions, 
ve tiding target or stimulus ae 
“te explai S: The Ss W 
ir xplained fully to 25 r 
y End to make quick movements aimed 
Soon aie one of two alternat i 
as one a 
he ne of the two st : 
and al Five trials were given per p 
el about 1 min, was required to chang 
tai oe Within blocks of trials. ^ 
ràng, conditions within expert s o 
same azed and different for su es 
: i five ex 
follo que Ss served in all five XP! 
P Ma a training session- 
atte Paulo condition was 
A aa in Exp. I} © 
9 ion and i p dus 


Tigh, Flentical targets were | he 
right and left of iis starting buttons mn 
With and left stimulus lights were t This 
task “qual frequency in random der og 
In Du hus a standard two-choice some 
times P. I one of each pair of targe re one, 

i told 


Was the right and sometimes 
desig A S was 
ignated in advance DUE > 
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TABLE 1 


TARGET CHARACTERISTICS EMPLOYED IN 


THE SERIES OF EXPERIMENTS 
Movement Target EC T 
Target | Amplitude Width Adest 
(A, In) (I, In.) aD eit 
A 3 
B 3 
C H 
D H 
l 6 
V 6 
ó 
I 6 
I 12 
1 12 
K 12 
L 12 


that the stimulus indicating he should 
initiate a movement to that target would 
follow the ready signal only 50% of the time, 
that no stimulus would occur on the 
other half of the trials. This is similar to an 
A reaction with 50% "catch" trials; the 
stimulus is known but there is 1 bit of un- 
certainty as to whether or not it will occur. 
In the absence of a better designation this 
will be referred to as an A reaction. The B 
reaction Was used in Exp. IH. but unequal 
probabilities were introduced. In the two re- 
maining experiments, pairs of equally prob- 
able but asymmetrical targets were used. 
The Ss wore headsets and listened to white 
f about 70 db. loudness. A 


masking noise o T . 
nterruption of this noise served 


momentary Ine i [ 
as the ready signal, with a stimulus light 
(when it occurred) appearing exactly 2 sec. 
later. 

The time between the onset of the stimulus 
light and the breaking of contact between the 
stylus and the starting button (RT) was 
recorded, as well as the time between the 
initiation of the movement and initial contact 
of the stylus witha target or error plate (MT). 
The Ss were told their average (RT 4 MT) 
time and number of errors after each block of 

t aware of the analysis 


jals. They were no h 
i response times into RT and MT. 


and 


RESULTS 
the Practice Session and 
iments except Exp. III 
onsistent and will there- 


Results for 
for all exper 
were highly € 
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TABI 


EXPERIMENTAL CONDITIONS FOR 


| Target Pait- 
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24 successive trials per target pair. Each target des 


PETERSON 


i2 


IHE DUIELEERENT [EXPERIMENTS 


Summary of Procedure 


uerius | 12 pairs of identical tar- | E SUM 
ua eod gets, on opposite sides of nated randomly and equally often on successive 
the starting button. trials. Order of pairs randomized. 
| 
12 pairs of identical tar- | 40 successive trials per target patr. Se pam 
Exp. I gets, on opposite sides of nated preceding cach trial, but the signa to ar pare 
a: the starting button. given on only half the trials. Order of patr 
domized, 
12 pairs of identical tar- | Same procedure followed as uscd for the Practice 
Exp. L gets, on opposite sides of Session. 
the starting button. 
6 pairs of identical targets | Same procedure followed as for the Practice Tu 
Exp. FIL (C, D, H, 1, J, Ry. on and Exp. I except that one target of each i ifte 
"PUES opposite sides of the designated on the average 504, 755 6, OF 95.9 
starting button. time over blocks of 24 trials. me 
3 pairs of heterogeneous | 24 successive trials per target pair. ‘Tests made gon 
targets (C and 1, D and both targets to the right and also with both to 
J. H and Ko, cach pair left of the starting button. 
Exp. IV. equal difficulty but 
ring in al and d; 
both targets on the sume 
side of the starting but- 
ton. 
3 pairs of heterogeneous | 24 successive trials per target. pair. ‘Tests made witli 
targets (C and 1, D and cach target of a pair alternately to the right ane “ks 
J, H and K), each pair the left of the starting button on successive Biges 
Exp. V of equal difficulty but of trials. 
differing in vl and IE; 
targets on opposite sides 
of the starting button. 
fore be discussed together. The significant (p < .05). However, bg 
standard B reaction (Practice and slope of the linear function relatin? 


Exp. II) will serve as the prototype. 

Reaction times.—]n all instances 
where pairs of identical targets were 
used RT data were very similar for the 
right and left targets. Accordingly, 
the data were combined for all 
identical pairs of targets. 

The correlation between mean RT 
and ID value for the 12 movement 
conditions of Exp. 1I was found to be 
.79, which is statistically significant. 
RT increased slightly as movement 
amplitude (4) was increased, and as 
target width (IV) was decreased, 
although only the former effects were 


the two variables was only 52 mes 
per 1-bit change in ID (see Fig. a 
Results for Exp. I, IV, and V pn 
also consistent in indicating | ieee 
changes in ID values have a consiste! 

but very small effect on RT. " 

Reaction times were slightly wu 

significantly faster (p < .01) for ; 
I (I reaction with 50% stimu’ 
uncertainty) than for Exp. I] awe 
alternative B reaction). The € 
difference, over all 12 target conc! 
tions, was only 15 msec. Practice 
effects alone should have produced 3a 
difference in the opposite direction: 


——— Áo 
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however, so that the true RT differ- 
ence between time and event un- 
certainty may be larger than 15 msec. 

The only variable which had an 
appreciable effect on RT was the 
relative probability of the two alter- 
Native targets (degree of redundancy 
of a response sequence). These effects 
(from Exp. 111) will be discussed later. 

Movement times.—C hanges in re- 
quired movement characteristics had 
large as well as highly reliable effects 
On MT, in sharp contrast to their 
Small effects on. RT. The MT data 
from the Practice Session, and from 


Exp. l and II (see Fig. 2), permit a 
direct comparison with the earlier 


data from self-paced cyclical tasks 
(Fitts, 1954). It appears that the 
dex of task difficulty (1D) provides 
equally as good a prediction of move- 
Ment times for discrete responses 25 
‘as been shown previously to hold for 
Serj As long as the level 


al responses. 
is held con- 


nd stimulus uncertainty eld con: 
tant, the source ol uncertainty C 
Teaction vs, B reaction) (does not 
Change the nature of the function. 

Owever, the slope of the junction is 
nE steep for discrete than for serial 
sponses. Although individual dit- 
d ences were large, the effects of 
wees in target distances and widths 
Sre highly consistent within Ss. a 
n ies movement times Were of similar 
Magnitude in Exp. | and If, Five o 
i i vements 
wed the .1 reacti adition while 
dif. showed a very 

it ence favoring the 
Statio the mean 

Ically significant j 

icd quite small relative to other 
ex c imental effects. Within p’ 
in Periment about 99% of the var iat ‘a 
I mean MT was accounted for by m 
and M] the correlations between i 
ein AT for these two expen” ent 
E .995 and .994, respective y- 


difference — 19 


ex 


zoo- Legend o, | 
Time per half cyc f 

—9- continuous task yele, 

600 Movement time 
ger’ 7*- discrete task 8 
$. Reaction time 
E 500- ^^ discrete task « 5 
o A p 
s / 
2400 Y P d 
z A i 
z, 

300 n 
F200 8 / RT= 261+54 ID 


o 


e/ ~MT=-70+74 ID 


"m & 4 & 9 7 8 
INDEX OF DIFFICULTY (1D) 


Fic. 2. Relation of reaction time and 
movement time to the index of task difficulty. 
(The solid data points show the relation of RT 
and MT data obtained in Exp. II, to ID— 
ID = log: 24 /W. 'The open circles show 


mean times per movement in performing a 


serial tapping task in which target amplitudes 
and widths were varied in the same manner 


as in the present experiments; see Fitts, 1954.) 


Furthermore, the regression equations 
for predicting MT on the basis of a 
knowledge of required movement 
amplitude and accuracy are very 
similar for the two experiments as well 
as for the Practice Session. These 
three equations are: 


MT = 741D —42 msec. 
(Practice Session) [6] 


70 1D —63 msec. 


MT = , 
(Exp. 1) [7] 

MT = 741D —70 msec. 
(Exp. 11) [8] 
Examination of the constants of 


n 6 vs. 8, for comparable data 
different stages of practice, 
hat practice resulted in a 
displacement of the function down- 
rd without a changeinslope. Thus 


We = 
ine and difficult movements became 
i: 


Equatio 
taken at 
suggests tl 
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TABLE 3 


AND MOVES 


MEAN REACTION 


Target Pair ID ——— ud 
RT MT 

Cand I 28 27 

D and J 29 35 

H and K 29 | 41 


Note,—Data are for all Ss and for right and left targets combined; times are shown to the near 


slightly faster by similar absolute 
amounts. 

'The results of the analyses of move- 
ment durations for experiments in 
which pairs of dissimilar targets were 
used (Exp. IV and V) are summarized 
in Table 3. It can be seen that 
variations in target pairings had a 
very small effect on RTs. The actual 
times were very comparable to those 
found in Exp. II in which identical 
targets were placed at equal distances 
on opposite sides of the starting point. 
However, again it was found that MT 
increased progressively and by large 
amounts as a linear function of ID. 
Movement durations were similar in 
absolute magnitude to those found for 
homogeneous pairs of targets in Exp. 
II, the times for different movements 
varying over a range of about 150 
msec. 

MTs in Exp. IV and V were 33 and 
23 msec. faster, respectively, than for 
comparable target conditions in Exp. 
II. Most or all of this increase could 
easily have been due to a continuing 
practice effect, however. Movements 
to the target on the side of the pre- 
ferred hand were 20 and 11 msec. 
faster, respectively, than to the alter- 
native side, whereas movements to 
the nearer and farther targets of a 
pair on the same side, equated for ID, 
differed by only 4 and 6 msec., 

_ respectively. 


NT TIMES FOR COMPARAHLI 


Exp. IV Exi. V 
RT | MT RT | | Mr 
229 EE 30 | 25 
30 3l 30 ae 
28 | 3 30 [| X 
Bum 
taal e est .O1 sec. 
Dre ice 
Errors —Error data for the I a 
rs 2 : " 
Session and for Exp. ! and e iad 
summarized in Table 4. The Ss fa 


to hit the target on approximately 
10% of their responses, overshoot im 
undershoot errors being very nearly 
equal. Error frequencies were foune 
to be essentially independent of mor 
ment amplitudes, but were more sd 
quent for the two smaller than for — 
two larger targets. ~l response 
where S knew in advance which targe 
he should try to hit, were no more 
accurate than B responses. (In fact; 
errors were slightly more frequent for 
the former.) The percentage of errors 
in Exp. IV and V were comparab e 
being 9.5% and 8.2%, respectively 
and overshoot and undershoot errors 
were again almost exactly equal. 
Redundant sequences.—The results 
from Exp. III, in which respons” 
series of three levels of redundancy 
were employed, differed from thew 
obtained in other experiments 1n th 
series (see Table 5). As redundancy 
was increased as a consequence of on 
target of an identical pair bes 
designated more frequently than p 
other, on the average, both RTs ie 
MTs became slightly faster, for hor 
responses that were made to the wp m 
probable target. Accuracy also i 
came somewhat greater for the mor 
robable target. 
, The differences between the RTS 
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TABLE 4 
| Pr gcrNTAGE oF UNDERSHOOT (U) AND Oversuoor (O) ERRORS 
FOR THE PRACTICE SESSION AND FOR Exp. I axD Il 
Practice Exp. 1 Exp. H 
Target J oo €— E 
& o U o U o 
A ET 0.7 1.7 42 5.6 5.6 
B 2.1 2.5 5.8 2.8 5.6 
Cc à 4.9 10.0 6.7 5.6 $.5 
D 4 de 7.5 1.5 10.4 6.9 
E 4. 3 2.5 4.2 2.8 2 
F 28 7.5 8.3 3.5 4.2 
G 76 4.2 8.3 2.8 4.2 
» H g3 | 75 10.8 9.0 104 
$ I 1i 14 | D. 4.2 5.6 21 
^ J 42 5.6 8.3 5.8 2.8 4.2 
K 62 4.9 8.3 10.8 2.8 9.7 
L 52 5,6 8.3 9.2 6.9 7.6 
M S0 ai 5.9 22 5.0 5:5 
TE 3 2 z volved 1,728 trials each; Exp. I involved 1,440 act al and 1,440 
"alae te T he Practice ene and Exp. TL aoire as Hiilfted the stylus when ved alia was not given, 


trials. In Exp. I, three ac 


ets in each pair 


ti . 
10 the alternative targ : 
arly with 


' incre s es 
Ncreased approximately line 


redundancy, as has recently been 
We Orted by Fitts, Peterson, and 
Volpe (1963) for two other tasks, 


A 


ar 7 i 
the so did movement times. | 
t ough relatively small in magnitude, 
lese effects were consistent for all Ss 


frequent movements. Gains in speed 
and accuracy for the more frequent 
target of each pair, weighted for 
frequency, just about compensated 
for losses in speed and accuracy for 


the less frequent target. 


DISCUSSION 
endence of reaction time and move- 


and. f i since time dej 
ora ar airs. Since t Indep p nd n 
and d tenes pA negatively ment time.—1 iiem seme jante 
Corre i Nose should that an i can be influence 
me tea, the MT poca hr Ss quite independently by (a) the degree of 
Achieved ec Ta Mey ‘for the less uncertainty pegardling iu utimie tora 
] equal accura 
TABLE 5 


'IME 
Summary or REACTION TIME, 


For M 


Percentage of Movements 
Missing Target 


i sec.) 
Movement Time (M 
Reaction Time (Msec?) A 
Reden eaction — ; ns - 
ancy wtd. N P Diff. | Aver. D y será s 
N P Diff. | Aver " 
ea lur 9.1 
i» waa [99 | 3 | HP [20] 82 | 28) 193 
iso 1293 |279 | 14 | 390 | 354 bai | 13 34 |329] a2 [140 0.3 
ay 326 2 5 27i | 366 | 3483 23 
: 26 | 268 | 58 | ~ 
d and N a movement to the non- 
a t on the side of a preferred eet under conditions of 18.9% and 
Prefer, Ote, p indicat rement to the targe ST ade he most freq 
S87 ed side; the ta dun moven entered dde wa 
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movement, and (b) 
certainty 


the degree of. un- 
permitted in executing the 
movement. This finding supports the 
view that perceptual processes and 
motor response processes are relatively 
independent (see Broadbent, 1958; Wel- 
ford, 1960), and that human information 
processing proceeds by a series of es- 
sentially independent steps. 

Welford's (1958) conclusion that RT 
and not MT shows the major effect of 
aging offers strong parallel evidence for 
the separate nature of perceptual and 
motor information handling processes, 
as do results from related experiments 
of Leonard (1952), Singleton (1954), and 
Szafran (1951). 

Apparently RT reflects the time re- 
quired for perceptual or cognitive proc- 
esses, and is determined in part by the 
preparations which S makes prior to a 
stimulus, such as those resulting from his 
knowledge of stimulus probabilities. 
Movement time, in contrast, appears to 
reflect the duration of motor system 
processes that are necessary for the con- 
trol of the timing and patterning of a 
movement, and which begin after the 
decision is made to execute a movement. 
Advanced preparation for  two-alter- 
native movement processes does not 
appear to lengthen the time required to 
execute one of the movements, as com- 
pared to the situation where 5 is prepared 
in advance for only one response which 
has a 50% probability of being des- 
ignated. 

Several suggestions can be offered 
regarding processes which might utilize 
increased time to gain greater accuracy 
in the control of an output. As an 
illustration, if neural timing should in- 
volve feedback loops or reverberating 
circuits, then the relative effects of 
random biological noise in such loops 
should decrease as the timing interval 
increases. 

Effects of redundancy and of time vs. 
event uncertainty.—The effects of differ- 
ences in relative stimulus frequencies on 
RT, although small in absolute magni- 
tude, are similar to those recently re- 
ported by Fitts, Peterson, and Wolpe 
(1963), and offer further support for a 
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stimulus sampling theory ol choice 
behavior. ‘The close similarity of RT and 
error data for the -A and B reactions, 
where 506% probability obtained in both 
that the effects of 
uncer- 


instanc 
time uncertainty and of event 
tainty are closely equivalent. 

The index of task difficulty. 
(1960) and Welford (1960) have Sug- 
gested that instead of actual target width, 
a corrected estimate of W, adjusted for 
should be used in computing , 

Applying such an E le 
correction (so that M = 2252). 1r 
equation fitted to the data for Exp. 
becomes 


s, suggests 


Crossman 


errors 


values. 


[9] 


icient rate 
does 
tion 


RT = 741D — 57 msec. 


This indicates a slightly less eff 
of processing information than 
Equation 7. However, the Gorrec' nud 
has no appreciable effect on the carts ji 
tion between ID and RT (changing S 
from .995 to ,993). The main pum n 
emphasis is an S's remarkable ability 
for maintaining error rate relativel li- 
stant across a wide variety of task conc 


y con- 


t s 5 his 

tions, while varying the speed of 

movements. an 
Welford has also suggested that < 


x ; est ee ta 
improved index of task difficulty MUS 
he 
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ID’ = log 


This suggestion is based in part on m 
observation that this definition reduc 
the numerical value of the first consta] 
a, in Equation 5, giving theoretic? 
predictions of MT near zero for an I p 
zero. Accordingly, Equation 5 was us 
evaluated for the data of Exp. I, d 
ID’ in place of ID. This expression wae 
found to be 


pit] 


MT = 72 11D’ + 6 msec. 


2 f ficte or 
Near zero MT is now predic ted Lint 
values of ID = 0 (in place of near ze 


n 
MT for ID = 1), and the correlati 
between these modified predictions F " 


actual MTs found to be 
These results therefore support We 
arguments. 


was 
lford'$ 
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Ps, es however, that neither RT 
real task ever approach zero in any 
SD: 5 hese t also appears reasonable to 
hütgan E empirical determinations of 
that B. on performanee may indicate 
Possible ee Varies over the range of 
ances oM amplitudes and toler- 
derived uns neither index has been 
Jetyeen i mally from a theory, choice 
Consider; them should rest on heuristic 

tions. Some implications of the 


Original ; 3 y pns 
l final index (Equation 3) are indicated 
elow, 

H iái e 
eee channel capacities.— Accepting 
eee 3 as the definition of ID, and 
ex 8 as providing a 
i rical estimate of discre 
Imes 

, 


generalized 
te movement 
the estimates of human perform- 
pacity, as specified in Equation 4, 
Second I from about 22 bits per 
dime O salue u ID c. 2.5 (the least 
Brie movement studied), to just over 
difiey second for ID = 7» (the most 
Might ; movement. studied). Thus it 
Felatiy, i nl that the motor system Is 
OW-infor more efficient in producing 
Higgs e aon than high-information 
extended. „Such estimates cannot be 
op directly to self-paced cyclical 
tional ten however, since some addi- 
Pitter ee is introduced by a 

ata in aS nt that Ss process feedbac 
> repetitive tasks. 


1954) indicate 
rates in self- 
ry from about 


ID values 


actual performance 

to MP eg tasks va 

“omparg .5 bits per second for 

thay table to those studied here, and 
r he performance is attainec 

It ;,. ermediate values of A, W, and ID. 


Comp, teresting to note that à linear 
Len of the equations lor RT and 
for a AM predict better performance 
“Reet Ore difficult tasks as long 45 the 
tó giv of RT’ was weighted sufficiently 
€ a positive value for the intercept 
; 2 roxi ya to 
Ig] Approximately 4 
M for MT relative to RT would 
Predicted zero intercept, ot 
all difi- 
qr Cels, 
Mew that performance in sell- 
bined 


cyclical s a com 


le 
Paceg 
tasks 1S 
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function AT 

old one hale ihe "e e PA a 
i Page à e earlier, agrees 

h e approach taken by Welf 

(1958) in analyzing age cha : is 
perceptual-motor performance € T 
significant that the average total ü im 
per response in the self-paced serial ‘ene 
(see Fig. 2) exceeded the present m = 
ment times by only about .1—.2 sec d 
not by an amount as great as the Bi ves 
reaction times. This suggests ther the 
processing of feedback data can to ie 
extent overlap the processes involved in 
the control of subsequent movements " 
else, as Woodworth (1899) and ial 
have suggested, that a sequence of to 
or more movements may be programed 
in advance and executed independently 
of feedback. Such a finding is alee 
consistent with Licklider’s (1960) pos 
servation that S’s lag in a continuous 
tracking task is often less than reaction 
time data might suggest, and with the 
data from studies bearing on psycho 
logical refractory period delays (Wel- 
ford, 1952) where the increase in RT to 
the second of two stimuli presented in 


rapid succession usually is less than a 
simple reaction time. 

In summary, it appears that the 
proce ing of feedback data in serial or 
continuous tasks introduces some small 
delay relative to simple open-loop move- 
but less delay than would be ex- 
response involved a 


ments, 
pected if every 
reaction time. 
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GSR CONDITIONING 
OF 


WILLIAM F. 


AND SENSITIZATION AS A FUNCTION 
TERTRIAL INTERVAL 


PROKASY axp HARVEY C. EBEL 
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2 levels of intertrial intei 
GSR conditioning situatior 
The dependent variab 
recruitment, The prim 
tioning operations led to gre 
the sensitization operations; 
were associated with spaced 
(c) sensitization and 
trials by a decrease t 
by an increase i 
tinction were: 
(b) the longer latency © 
1 (c) the greater 


assed practice. 


sponses; anc 
opposed to m: 


veral recent studies 
Kimmel, 1959; Prokasy, Hall, & 
“aweett, 1962; Stewart, Stern, Wino- 
Sur, & Fredman, 1961) have drawn 
Attention to the role of sensitization 
classical GSR conditioning. 
Particular concern are the conditions 
Under which the effects specific to 
S-UCS pairings can be separated 
Tom the influences of sensitization. 
ieee! (1959) found that, with an 
c ense auditory stimulus 4$ 7 
9nditioning performance was no di 
rent from that obtained under 
+ dsitization procedures; ie, per 


mance to a tone when unpaired 
ted in an 


tast, with 


The results of se 


a 
of te intensity auditory CS, 
es effects of CS-UCS P 
rated by the superior r 
“n > > ts 
Ce of the conditioning groups toi 
lp 
This st py funds from 
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OE (G-181 19) Y Ae senior author po^ 
Auth ational Science Foundation. nical 
assistas gratefully acknowledge the te 
ance of Barbara B. Prokasy- hile the 
$ 1$ research was condu is AS 
eng dUthor was a National Instit Du 
tal Health Predoctoral Research Fe 


jun 


erval (40 sec. 
a, with controls for sensitization incorporated. 
ables reported were: base, 
ary results in 
ater magnitude 
(b) greater magnitude and recruitment 
, as opposed to massed, practice; and 
conditioning opera 
magnitude in the sensi 
n the conditioning groups. 

a) the decrease in ma 
f sensitized 
magnitude 


ys. 20 sec.) were investigated in a 


magnitude, latency, and 
acquisition were: (a) the condi- 
and recruitment than did 


tions were differentiated across 
tization groups rather than 
The primary results in ex- 
gnitude across extinction trials; 
, as opposed to conditioned, re- 
associated with spaced as 


sensitization control. This superior- 
ity, however, was largely dissipated by 
the tenth paired trial. Stewart et al. 
(1961) employed a longer interstim- 
ulus interval (7.5 sec.) and measured 
anticipatory responses to shock stimu- 
lation. Though their results are 
subject to revision since they in- 
corporated no controls for sensitiza- 
tion, they report an acquisition func- 
tion which spontaneously dissipated 
by the sixteenth CS-UCS pairing. 
Prokasy, Hall, and Fawcett (1962), 
on the other hand, compared extinc- 
tion performances of conditioning and 
sensitization groups and found no 
differences between them, i.e., no 
evidence of effects peculiar to CS- 
UCS pairings. 

Although the cited studies vary 
widely in method, one major differ- 
ence among them 1s the average 
duration of the intertrial interval 
(ITI). Kimmel (1959) and Stewart 
etal. (1961) employed an average ITI 
of over twice as long as that employed 
by Prokasy, Hall, and Fawcett (1962). 
It was the purpose of this study, 
therefore, tO investigate the role of 
ITI in classical GSR conditioning, 
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with controls for sensitization in- 


corporated. 


METHOD 


Apparatus.—lhe apparatus for stimulus 
presentation and GSR measurement is de- 
scribed in detail elsewhere (Prokasy, Fawcett, 
& Hall, 1962). Briefly, the stimulus dura- 
tions and temporal rc ationships were con- 
trolled by Hunter-Brown timers, the 1,000-cps 
tone CS was presented through earphones via 
a Grason-Stadler twin oscillator, the shock 
UCS was presented via an ac variac, and 
responses were amplified by a Fels dermohm- 
meter and recorded on an Esterline-Angus 
milliammeter operating at à paper speed of 
24 in. per min. 

Subjects. —A total of 120 volunteers, in- 
formed that shock would be employed, from 
introductory psychology classes at the Penn- 
sylvania State University served as Ss. Of 
these, 8 were lost through adaptation to UCS, 
apparatus failure, or £ error. 

Design and procedure.—Vhe basic design 
was a 2X2 factorial, with Ss assigned 
randomly to each of the four conditions. One 
independent variable was conditioning vs. 
sensitization and the other was massing 
(average ITI 2 20 sec, with randomly 
ordered intervals of 10, 20, and 30 sec.) vs. 
spacing (average ITI 240 s with ran- 
domly ordered intervals of 30, 40, and 50 sec.). 
Thus, the four experimental conditions were: 
conditioning-massed trials (C20), condition- 
ing-spaced trials (C40), sensitization-massed 
trials (S20), and sensitization-spaced trials 
(S40). The two conditioning groups reccived 
6 adaptation trials, 40 acquisition trials, and 
10 extinction trials. The 40 acquisition trials 
were presented on a 75^; irregular reinforce- 
ment schedule with an interstimulus interval 
of .5 sec. The two sensitization groups 
received 6 adaptation trials, 40 "acquisition" 
trials composed of an irregular order of 30 
shock-alone trials and 10 tone-alone trials, 
and 10 "extinction" (tone-alone) trials. For 
all four groups, the tone-alone (test) trials 
during the acquisition phase occurred on Trial 
No. 2, 4, 12, 13, 15, 17, 22, 27, 33, and 35. 
Thus, the only procedural difference between 
the conditioning and sensitization groups was 
that, where the conditioning groups received 
a CS-UCS pairing, the sensitization groups 
received the UCS alone. 

'The Ss were seated in a partially sound- 
isolated cubicle 5 X 6 X 7 ft. high. Copper 
shock electrodes were placed on S's left 
forefinger and GSR electrodes were placed on 
S's right palm. The GSR electrodes were 
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S5dn.s zine electrodes in plastic cups and 
established contact with 5 through a .125 i 
laver of electrode paste. Shock level Pus 
determined for each 5 indiv idually by starting 
at a low shock level and gradually turning k 
up until it was “highly annoying, wt SD 
painful." — The resulting means ant aa, 
respectively, of voltage were UU ET 
18.2; Group C40: 70.8, ad: 520% d 
S10: 694, 13.4. Following this adjust 
ment each S was instructed that che mig 4 
receive either a tone ora shock stimulation 
but that there was no necessary relations nP 
between them. The 5 was told to man 
a passive attitude throughout the pate 
which could last as long as 40 min, eA 
only about 20 min. for Groups C20 and 2 e 
After instructions were completed, 2 Ns 
turned to. the apparatus room, where vat 
selected, by means of rotating a 12-segme n 
cardboard disk, 1 of 12 teletype tapes pea 
when operated through a W ester xnl 
teletype transmitter, programed both I j "i 
stimulus events. There were three such tay s 
for each of the four treatment combina O py 
the three tapes within a set differing on Nine 
virtue of random ITT orders. “This proc Sea 
of assigning 5s to experimental conditions" e 
employed in order to minimize E iuc. s 
Ss as a function of the treatment com Hs S 
tions. With the selection of the progra 
tape, the session began. 
The CS, a 70-db. (re 


0002 dynes/cm) 


T 
1,000-cps tone, lasting 700 msec, Wi Aiii 
sented by means of a Grason-Stadler Are 
oscillator through | Permoflux ppR-8 c 


S peer stant 
phones, and was superimposed on a cons 


background of white noise generated throug" 
the carphones at 58 db. The VCs e 
200-msec. shock which began 500 msec- 
CS onset in Groups C20 and C40. 
Dependent variables. Prokasy, 
and Hall (1962) employed measures uit" 
magnitude, amplitude, latency, and due in 
ment. The same measures were employ. a j 
this study, with the addition of base Das 
Magnitude is a measure of change "f there 
which incorporates zero response (1-€-y 1 j with 
is no response, a score of zero is average? fi- 
the changes recorded on other trials). ANP 
tude is a measure of change in base, given z 
a response has occurred: thus, responsen i, 
zero magnitude are not counted. Since à ia 
yses of amplitude yielded no substan ie 
information beyond that obtained from alts 
magnitude measure, the amplitude re 
will not be reported. ing 
Recruitment is the amount of time clap? "i 
between the onset of a response and its pe o 
while latency is measured from CS onse 
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and recruitment 
msec. 


response Latency 
Were measured to the 
Magnitude and amplitude were recorded in 
units of the square root of micromhos con- 
ductance change (NAC). Measures of base, 
recorded in micromhos conductance, were 
taken during the first .9 sec following CS 
Onset on each trial. Changes in e occurring 
between .9 and 5.0 sec. following CS onset 
Were counted as responses. 


onset. 
nearest 75 


RESULTS 

Ss to treat- 
ly following a 
ons, resulting 
for Groups 
re= 


Since assignment of 
Ments was done random 
reading of the instruction 
group Vs differed. The NS 
C40, C20, S40, and S20, were, 
Spectively, 24, 32, 26, and 30. 

Although base and magnitude are 
fasily measured, to obtain latency and 
a response 
nmon basis 
con- 


oc rüitment requires that 
‘cur, To provide a Co 
Or all measures, analyses Were 
ducted on those 5s who responded a 
Minimum of five times in the acquist- 
tion and extinction phases (i.e on 
3095 of the test trials within each 
Phase), "po this end, test trials were 
DUAE into units of trial pairs. : : 
made à response on only one trial 0 
2 pair, latency and recruitment 
Values of that trial were treated as 
Averages for the trial pair. If he made 
* response on both trials of the pair, 
atency and recuitment values were 
sVeraged for the trial pair. In m 
aiat, base and magnitude Te 
Veraged over both trials, regarc - 
re Whether there were One or tw 
Sponses, As 4 ut of this d 
arate, the Ns employe? in 
alyses varied depending up 
F aed of training. I” ad 
ality the analyses 5S were ^ 
to mly sampled out where jec rhe 
Provide cell proportionality” nt 
Nis employed are reported with €: 
alysis, 
Though the basic analyse 


i s were per- 
Or z 
med on Ss meeting the 


frequency 
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criterion, it is apparent that, with 
respect of the magnitude and base 
indexes, such a criterion imposes S 
selection; i.e., Ss responding on less 
than half of the test trials were not 
retained for analyses. In order to 
determine whether this form of selec- 
tion biased the results, analyses of 
magnitude and base were made em- 
ploying the original Ns reported 
above, with the exception that the 
data of two randomly selected Ss, 
each in Groups C20 and S40, were 
deleted in order to achieve cell pro- 
portionality. Unless otherwise re- 
ported, the results of these analyses 
were the same as those reported 
below. 

Acquisition. — After determining 
which Ss met the frequency criterion 
and then restoring cell proportionality, 
the available Ns for analysis of 
acquisition data in Groups C40, C20, 
S40, and S20 were, respectivelv, 24, 
25, 24, and 25. 

‘Table 1 presents means for the four 
GSR attributes across the five pairs 
of acquisition trials, while Table 2 

marizes the corresponding anal- 
vses of variance. Neither of the 
independent variables substantially 
affected base conductance, but there 
s a significant overall decrease in 
ance across the five pairs of 
The introduction, following 
adaptation, of two conditioning trials 
in Groups C40 and C20 and two shock 
trials in Groups S40 and S20 resulted 
in an increase in conductance for each 
S from the last pair of adaptation 
test trials to the first pair of acquisi- 
tion test trials, the overall mean 
changing from 18.9 to 21.9 micromhos. 

The conditioning groups yielded 
higher VAC than did the sensitization 
groups. The significant Trials effect 
reflects an overall decrease in magni- 
tude across the five pairs of test trials, 
put the significant Trials X Con.-Sen, 


sum 


wa 
conduct 
test trials. 
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TABLE 1 


MEAN Base, MAGNITUDE, LATENCY, AND RECKLIIMENI OVER hive BLOCKS 
or Two Acovisrriox Trias KACH 


Conditioning Trial Blocks | Sensitization Trial Blocks 
Index ITI N — ————— ————— B 
| | | 4 5 
1 2 3 1 bat 2 3 : 
Base Spaced | 24 | 19.89 | 19.04 |19.62 | 18.87 | 18.05 | 28.61 | 28.01 | 24.20 | 23.53 
(conduct.) | Massed | 25 | 20.65 | 21.47 | 21.00 | 20.87 [208 | 21.09 | 21.30 | 21.50 | 20. Ew 
Magnitude | Spaced 24 1.001 1.018 | 1.051 1.065 1.017 883 | EH | i0 | 
(Vac) Massed | 25 «804 | EJ S809 | 850) 790 | ‘s37 | cer] 22e | 
| zaol = xl 2117 
Latenc 24 2.026 2.08| 2,075| 1982| 2.123 | 2.117 
ee) 25 7 2166| 2165| 2.001} 2261| 2.184 | 
Recruitment | Spaced | 24 2.616 2513| 2306| 2.189 | 2.240 
(sec.) Massed| 25 2.340 23390| 2:285 Yas | 2.082 


interaction indicates that the decrease than half of the test trials), mean 
is quite large in the sensitization magnitude for the spaced and masse 
groups and negligible, if at all, in the conditions was, respectively, BRIO 
conditioning groups. Response mag- .69 VAC, These means are signif- 
nitude was at its peak on the first pair cantly different, 7^ (1, 104) = 4. j 
of test trials; thus, there was no Error MS = .688. Since the differ 
indication of a gradual rise (or an ence in the two analyses rests in the 
"acquisition" function) peculiar to inclusion, in this latter analysis 
the conditioning groups. five Ss in Group S20 who failed 

The nonsignificant ITI effect on respond at least five times in the W 
magnitude requires further comment. test trials (plus six Ss random? 
Incorporating data from all Ss (in- selected out of Group C20 to restor 
cluding those responding on fewer all proportionality) the nonsignifica? 


to 


TABLE 2 


ANALYSIS OF VARIANCE OF THE ACQUISITION PHASE 


— — —À 
i " t 
Base Magnitude Latency Recruitme? 
Source df F 
MS F MS D MS F MS | 
Between Ss 97 p n 
Con.-Sen. (C-S) | 1818.38 7.988 | 12.33*** | .050 6.719 |o hort 
ITI 1| 71.16 1:525| 235  |1057|3.03 | 7.298] ty 
C-S X ITI 1 693.163 ‘905 | 1.38 1166 1.091 | 15ga" 
Error (b) 94 | 973.943 | 107.32***| 1648| g.o3***| (345 | s.21*** | 1737|37 
Within Ss 392 2.54* 
Trials (T) 4| 2345 | 2.58* | 478 ge 6 497 7 
TXCS 4| 476 468 | oaar | “308 | £sTe | [420] 248 
EXITT | 4| 677 ‘023 146 | 2.19 .094 
TXCSXITI| 4| L85 1023 .088 | 1.31 .106 
Error (w) 376| 9.075 ‘073 .067 195 
*p <.05, 
en 
eb Spi. 


C — M — 
c ——MM——  —— 
I 0 —————————— 
P mee 
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distributional effect on magnitude 
appears to have resulted from a forced 
increase in mean response level for 
Group S20. As a result, a separate 
comparison of Groups C40 and C20 
was made, and the spaced ITI yielded 
a VAC significantly larger than did 
the massed ITI, F (1, 52) = 4.15. 
There were no significant main 
effects with latency as the dependent 
variable, although latency was some- 
What greater under the massed condi- 
tion. The significant Trials X Con- 
Sen. interaction reflects @ general 
latency decrease in the conditioning 
groups and a latency increase in the 
Sensitization groups, the net effect of 
Which is to nullify any overall Trials 
effect, ENT 
The conditioning and sensitization 
Sroups were differentiated with the 
Tecruitment index, the conditioning 
Operations resulting in greater recruit- 
Ment time (i.e., longer time for the 
Measured response to reach its peak). 
he ITI variable was just as effective, 
With spacing (40-sec. ITI) resulting 1n 
Significantly longer recruitment time 
m massing (20-sec. ITI) Recruit- 
ent decreased significantly across 
trials, with the greatest decrements 
Observed in the sensitization groups, 
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although the Trials X Con.-Sen. inter- 
action was not statistically significant. 

Extinction.—Ylhe available Ns for 
the extinction data were 22, 22, 15 
and 14 for, respectively, Groups C40, 
C20, S40, and S20. Table 3 provides 
the means of all indexes across the 
five pairs of extinction trials, while 
Table 4 summarizes the corresponding 
analvses of variance. It should be 
noted that 9 Ss in Group S40 and 11 
in Group S20 failed to meet the 
frequency criterion while only 2 in 
Group C40 and 5 in Group C20 did 
not meet the frequency criterion. 
This attrition of 7 Ssin the condition- 
ing groups and 20 in the sensitization 
groups in itself indicates a continued 
differentiation of sensitization and 
conditioning groups. The difference 
in proportion of Ss not meeting the 
[requency criterion (7/54 vs. 20/54) 
is significant beyond the .01 level 


G8 = 8.34). 
Base conductance continued to 
decrease throughout extinction trials, 


as indicated by the values in Table 3 
and the significant Trials effect shown 
in Table 4. While the Con.-Sen. and 
ITI variables have no significant 
overall main eflect, these two vari- 
ables do interact, since base con- 


TABLE 3 


[AGNITUDE, LATENCY, 


Mran BASE s 
lean Base, M or TWO ExTINC 


AND RECRUITMENT OVER Five BLOCKS 
TION TRIALS EACH 


ioning (N = 22) 
Index ITI 
Base eec ] 
Spaced 
"uus Massed 
agnitude | Spaced | 
AT Spaced 
= WG) (| Massed 
Latency cR | 
Spaced 
| Massed | 2-117 
= Nc oo 
Seuitment | Spaced 
9 Massed 


M " 5 
Note, Within-cell SDs varied from Sitment- 


for 
latency, and from .440 to 1-104 for re 


to 18.03 for base, 


Trial Blocks Sensitization (N = 15) Trial Blocks 
5 1 2 3 4 5 
2897 | 28.78 |27 
6.71 | 28-40 28. 28. EUST 
146 | 19.72 17.95 | 17.52 | 17.55 
b 
99 | -605 567 526 A 
886 | 561 303] 366| 34i 
Bad pra 
2.122 | 2.198 2.360| 2.358 | 2.513 
2:063 | 2.195 3383| 2363| 2418 
2.476 | 2.495 
7.472 | 2.018 2. 7 ER 
7.103 | 2.125 2:065 | 2.008 | 2:080 


from .291 to „566 for magnitude, from .217 to .456 
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TABLE 4 


ANALYSIS OF VARIANCE 


Base 
Source | df — — 
MS F 
73 
1 | 1126.21 1.26 1 
ij 2 ) | 
CSTI | _1 [4259.96 | 4.7 
Error (b) 70 | 890.09 | 270.85*** 
Within Ss 296 
T 4 34.26 | 10.05*** 
'T x C-5 4 1.73 | 
TX IT d 4.33 1.34 
TXCSXITI) 4 1147|  3.50* 
Error (w) 280 3:22 | 
*p «.05. 
** p <01 


we < 001. 


ductance is higher for the spaced, its 
opposed to the massed, sensitization 
group while it is higher for the massed, 
as opposed to the spaced, conditioning 
group. When incorporating all Ss, 
the same trend exists, but it is not 
significant, F (1,104) = 2.04. The 
difference in these two test results 
because the attrition of 11 Ss in 
Group S20 resulted in a marked in- 
crease in base conductance; i.e., the 
11 Ss had lower base conductances 
than did the remaining 19 Ss. The 
significant Trials X Con.-Sen. X ITI 
interaction, also significant in the 
analysis with all Ss, is difficult to 
locate with any assurance in the 
means of Table 3. 

The conditioning operations con- 
tinued to result in greater magnitude 
than did the sensitization operations, 
and, as would be expected, magnitude 
decreased across extinction trials. 

Response latency varied in extinc- 
tion as a function of the conditioning- 
sensitization variable, with condition- 
ing resulting in a shorter response 
latency. This result, significant at 
well beyond the .001 level (Table 4), 
appears to stem primarilv from the 


or THE EXTINCTION PH ASI 


Recruitment 


Latency 
MS F | ans l MS F 
1.330 | 20.05*** | 4.625 H 3.85 
2828| 5.00** 081 
030 
f.19** 334: |; 2,08*** 
US| 5.254** .114 - 
028 Msz | 
048 .080 | 
028 | | 006 
073 | 100 


latency increments across extinction 
trials in the sensitization groups, with 
the conditioning groups maintaining a 
relatively constant latency. lhis 
differential result was not, however 
sufficiently large to produce a signifi- 
cant Trials X Con.-Sen. interaction. 

Although the difference in recruit- 
ment as a function of the conditioning" 
sensitization variable obtained 1" 
acquisition dissipated in extinction 
(largely because of the sizable incre- 
ment in Group S40, as contrasted with 
slight decrements for the other three 
groups), the long ITI continued t? 
yield a significantly greater recruit- 
ment than did the short IT1. 


DISCUSSION 


The major purposes of this experiment 
were (a) to investigate the ITI variable 
in GSR conditioning and (b) to obtain 
further information on factors whic? 
differentiate conditioning and sensitiZa" 
tion performance. Our results indicate 
first, that massing reduces magnitu £ 
and recruitment, consistent with finding? 
on other classically conditioned response 
systems, such as the eyelid response 
(e.g, Prokasy, Grant, & Myers, 1958; 
Spence & Norris, 1950). 
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Sio 
ee jon only was Group C40 
+ tall enp C20, Group C20 was 
control ioe iom the two sensitization 
io Sb e EDS Thus, while the degree 
sensitization and conditioning 


20 sec. 


-— as short. as : 
ong. ag rom the UCR can require as 
Battisinir v. longer than, 20 sec. this 
tical pM m may represent a praec 
ingif reasons l bound in R condition- 
be op casonably ‘clean measures are to 

tained on successive trials. Our 
furthermore, that with 
1 conditioning 
inct during 
emerge as 


results Sn ci 
chee o Suggest, 
Bear Is, sensitization anc 
Carly mrad were not dist 
S NA SA trials, but i 
tude rainy because response magni- 
NP M innen trials in the 
Ore, mee groups. was there- 
tion G as vidence of the acquisition func- 
üsa functi gradually increasing strength 
typical i ton of spe itic CS-UCS pairings) 
conditio found with other ck ssical y 
kasy et m Tope systenis (e E d 
; a S v NE "ris 

. 'erform: | 23 Nu Spence & Norris, 5 à 
remained ance in the conditioning grottps 

constant across the 40 acquist- 


across 
There W 


lon à 

radually | This contrasts with the 
Even fe decreasing magnitude across 
(Kim) ewer trials reported elsewhere 
Tiree v's 1959; Stewart et al, 1960. 
hing, re ee which, singly oF in com- 
ancy » may account for the diserep- 
e reinforcement 


a are: ^ = 
Schedule the intermittent 
€ and short interstimu 


em 
"plos, È 

Yed in the present study anc 
UCS intensity- 


lus interva 
and any 


erence ; 
Althen in subjective a 
Neasur ugh it was a highly reliable 
Breatly | , base conductance was not 
venditi affected by the sensitization ys: 
Winnett or the mas ing V9 spacing 
* ations, A general trend, how- 
Across Was a decrease in conductance 

> acquisition and extinction 
uitment 


Sica a 
are Neither latency nor TeC 
: GSR condi- 


tionjp tally measured in 
a nee there is little in the literature as 
pat ed comparison. ae 
al Penda, measures are, 
So So variable manipu 
asy, Fawcett, © 


lation 
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and that they do n ; 

with independent pcc ini rael 
magnitude. Forexample, Pr feda z 
cett, and Hall (1962) food ther pest 
recruitment and latency in Pani SE 
were significantly greater E aen 
interstimulus intervals than wb long 
ones, though there were no ma m s 
amplitude differences. fex lh "ad 
crepancy between the present ‘ity a 
thar of Prokasy, Fawcett, and 3 P 
(1962) in that latency increased a x 
extinction trials in the earlier aig a 
did not in the present study Meis 
discrepancy is best explained by the f dd 
that the latency changes observed pes 
Prokasy, Fawcett, and Hall were à 
ciated primarily with interstimulus beri 
vals longer than 500 msec., ereas that 
was the interstimulus interval of e 
present study. In any event dum 
latency and recruitment do VENY bes 
independent variable arde © 
sufficient rationale to include these on : 
ures as a further step toward our E 
standing of GSR conditioning. ial 
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INFLUENCE OF THE SPATIAL RELATIONSHIPS BETWEEN 
THE CUE, REWARD, AND RESPONSE IN 
DISCRIMINATION LEARNING ! 


ROBERT E. MILLER asp JOHN V. MURPITY ? 


School of Medicine, University of Pittsburgh 


This experiment, using 17 monkeys, investigated the effect. on dis- 


crimination learning of reward sepa 


ation from cue and response, and 


response separation from cue and reward. ‘The results indicated that tt 
spatial displacement of the reward from the cue and response did not 
seriously impair learning as compared to spatial contiguity between 
cue, response, and reward. Response separation, however, significantly 


impaired learning. 


It was concluded that efficiency of discrimination 


learning is markedly affected by spatial arrangements of cue, response, 


and reward. 


The spatial arrangements of the 
cue, response, and reward have been 
identified in a series of recent experi- 
ments as a very potent variable in the 
learning of a discrimination (Mc- 
Clearn & Harlow, 1954; Mever, Poli- 
dora, & McConnell, 1961; Miller & 
Murphy, 1956; Murphy & Miller, 
1955, 1958; Schuck, Polidora, Mc- 
Connell, & Meyer, 1961). The evi- 
dence suggests that spatial factors 
may be one of the most critical of 
variables though it has been largely 
ignored in most of the traditional 
experiments, theories, and apparatus 
of the experimental psychologist. 
Even slight deviations from optimal 
spatial relationships in a learning 
situation impair or, indeed, preclude 
discrimination learning. 

While the published reports have 
unanimously agreed that spatial dis- 
placement of the discriminanda from 
the manipulanda and reward impedes 


l'This experiment was supported in part 
by a research grant (M-487) from the 
National Institute of Mental Health, Na- 
tional Institutes of Health, United States 
Public Health Service, and in part by the 
Commonwealth of Pennsylvania. 

? Now associated with the Thiokol Chemi- 
cal Corporation, Humetrics Division, Los 
Angeles, California. 


learning, other conditions of spatial 
discontiguity did not appear to retar 
learning of a simple discrimination 
(Murphy & Miller, 1958). The 
present experiment was designed to 
examine more closely the effects on 
discrimination learning of separating 
the reward from cue and response 
(Cond. A) and separating the "e 
sponse from cue and reward (Conse 
B) in comparison with the condition 
of spatial contiguity between CUC 
response, and reward (Cond. C). / 
fourth condition, (D) center feeding» 
was also tested. In this condition the 
cue and response were contiguous but 
reward for a correct response was 
delivered in a central location er" 
less of the position, right or left, of b 
positive stimulus and response. T hes” 
four conditions of spatial arrange 
ments are shown in Fig. 1. 


METHOD 


Subjects.—Seventeen experimentally naiv” 
male rhesus monkeys were used in this stu E 
Four of these animals ranged in weight fro x 
The remaining 13 monkey" 
weighed between 10 and 14 Ib. The anim? 


four groups. er: 
Apparatus —The apparatus has previously 
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been descri : 
ip a in detail (Murphy & Miller, 
Sr s Wisconsin General Test Ap- 
basic anit arlow & Bromer, 1938) was the 
inus al equipment. A special two-shelf 
shelf isa ae constructed with the upper 
Dorinta ey 7 in. above the bottom shelf. 
fit the aa hangeable trays were designed to 
pair of ste Gs and cach was equipped with a 
apart, ie tie cabinet latches located 14 in. 
placed 2 di of the trays had a foodwell 
Magnetic ia egg in front of c ch of the 
single e : Hen. [he second way had only 
magnetic ee y ell placed midway between the 
by Micarta des Phe foodwells were covered 
E to ex Rs slides which could be retracted by 
correct aed the reward in the well when a 
The ice occurred. 
Yusiitshed heed blocks were 2 x2X iin 
On the tr; hardwood blocks which were placed 
Monkey ny and could be moved freely by the 
2x2 x " lhe discriminative stimuli were 
Corner bra ds blocks attached to @ steel 
held in dae These stimulus objects were 
Drace A gie on the way by placing the 
atch, X ie appropriate magnetic cabinet 
nen they were in position the 
he surface of the 
of the magnets. The 
i stimuli were 
lly sized black 
i stimulus 
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ver Wa! 
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Fic. 1. The four conditions 
contiguity presented doles spatial 
(In each case the drawing os Ge 
appearance of the apparatus oes Me 
correct response. The dark spot in eue 5 
is the open and baited foodwell ae panel 
the appropriate response block 1 E inaf 
displaced from its original posi ua «eS 
ed with the front of the "e  - Hes 


squar 


immediately withdrawn by E. As . 
is reports, this isdveRent phe in 
apparent concern to any of the aninal vos 
in the preliminary training phase. 1 s even 
tion, this procedure occasioned no naci 
reward since the cover was mete elay of 
response € being en nas the 
‘The con itions of cue, reward, ¢ 
relationships for the four oo response 
follows: (Cond. A) 2 di enar uh as 
in this case the cue and response Ere 
and the reward for a Cori on 
S in. directly id m 
response- 
condition, the cue and cord [^ ge en 
tiguous on the bottom shelf while the res con- 
re located on the top shelf (Fig. 1B); 
C) nonseparated condition in d 
the stimulus blocks pe is 
and reward were all eh sms 
e lower shelf as in the ously 
ion problem (Fig. 1€); eat Bi 
center-fe' condition, cue and response on 
tiguous On the bottom shelf with the re Botts 
located in the foodwell midway betwee ward 
stimuli (Fig. 1D). n the 
Each animal was given 50 trials daily; 2 
trials in 2 morning test session and 25 in 5 
afternoon session. Tests were URS 
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daily except Sunday throughout the in- 
vestigation. Position of the positive object 
for each trial was systematically varied 
according to the Gellerman series (Gellerman, 
1933). 

Group C was terminated after 1,200 trials 
since all of the animals were performing above 
90% correct responses. The center-feed 
group (D) was terminated after 1,500 trials 
when three of the four animals were perform- 
ing above 90%% correct responses and the 
fourth monkey had maintained a position 
habit for more than 1,000 trials and was, 
consequently, performing consistently at the 
50% level. ‘The remaining groups (A and B) 
were tested for a total of 2,700 trials. 


RESULTS AND DISCUSSION 


The learning curves for the four 
groups of animals are shown in Fig. 2. 
The data for the first 1,200 trials were 
analyzed by Bartlett's test (Bartlett, 
1937) for homogeneity of variance. 
The test revealed that the group vari- 
ances were not homogeneous (p « .01). 
Therefore, the error Scores were eval- 
uated by distribution-frec methods, 

The Kruskal-Wallis ZZ test (I&rus- 
kal & Wallis, 1952) indicated that the 
four groups differed significantly in 
terms of errors in 1,200 learning trials 
(b « .01). The comparisons between 
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specife conditions were made by 
Mann-Whitney tests (Mann X Whit- 
ney, 1947). The results of these 
comparisons are shown in Table 1. 

The several recent experiments cited 
in the introduction have unequivocally 
demonstrated that spatial separation of 
the discriminanda from both the response 
and reward by even a very small distance 
severely. retards learning of very simple 
discriminations. However, contiguity 
between the cue and cither response Or 
reward permits simple discrimination 
learning to occur. (Murphy & Miller, 
1958), l 

The present study was designed i 
differentiate between the cue-reware 
contiguity and cuc-response contiguity 
conditions in a more complex discrimina- 
tion problem. The results clearly I: 
dicate that spatial separation of ne 
response from cue and reward retarded 
learning in the monkey. In the (e cir 
separated group three of the four pees 
set up rigid position habits within 40 a 
500 trials and did not deviate from this 
pattern for the remaining 2,200 trials. i 

The remaining three groups of animals, 
together, center-feed, and reward sepa- 
rated, all demonstrated considerable 
improvement in performance over the 
initial 1,200 trials. Learning under the 
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ation Performance of the four groups of monkeys. 
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INTERGROUP COMPARISONS FOR THE 
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INTERACTION OF AROUSAL AND RECALL 
INTERVAL IN NONSENSE SYLLABLE 
PAIRED-ASSOCIATE LEARNING ? 


LEWIS J. KLEINSMITII anw STEPHEN KAPLAN 


University of Michigan 


Using meaningful paired associates as stimuli it has been shown prev > 
ously that due to the phenomenon of perseverative consolidation hig 1 
arousal associates show stronger permanent memory and weaker im- 
mediate memory than low arousal associates. ‘The present experiment 
was designed to show that this phenomenon is independent of the 
association values or unique qualities of the words involved. While 
recording skin resistance as a measure of arousal, 36 Ss were presented 6 
(0% association value) nonsense syllables paired with single digit 
numbers. Ss were tested at 2 min., 20 min., or 1 wk. The results con- 
firmed the hypothesis (p = .01). Nonsense syllable paired associates 
learned under low arousal exhibited high immediate recall and rapid 
forgetting. High arous ssociates exhibited a marked reminiscence 


effect, low immediate recall and high perm 


Basing their argument on the hy- 
pothesis of reverberating neural cir- 
cuits, Kleinsmith and Kaplan (1963) 
predicted that arousal and recall 
interval would interact in their in- 
fluence on paired-associate learning. 
This prediction was confirmed; high 
arousal learning showed a marked 
reminiscence effect, that is, poor 
immediate recall but high permanent 
memory, while low arousal learning 
showed a typical forgetting curve 
pattern. In that study words of vary- 
ing arousal qualities were used as 
stimuli. 

The present study was designed to 
test the independence of the phe- 
nomenon from the association values 
or other qualities unique to the indivi- 
dual stimuli. Nonsense syllables of 
zero association value (Hilgard, 1951) 
were selected as stimuli in order to 
obtain random arousal effects. In 
this way both the high and low arousal 


1 This investigation was supported in part 
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anent memory. 

curves would contain essentially the 
same items and thus any differentia 
behavior in learning could not be 
explained in terms of qualities unique 
to the stimuli. 


METHOD 


Subjects —The Ss were 36 University of 
Michigan undergraduates obtained from 
introductory courses in psycholog ‘They 
were run in three subgroups of 12 Ss each: l 

Procedure.— The Ss were given à single 
learning trial with a list of six nonsense 
syllable-number pairs. ‘The following six 070 
association value nonsense syllables poo 
used: CEF, QAP, TOV, JEX, LAJ, DAX. n 
response items were single digits from 2 to i 

A slide projector with an exposure time d 
4 sec. was used to present the stimuli. Du 
the training trial .S first saw the nonse $i 
syllable alone, and then saw the nons s 
syllable repeated with a single digit respons i 
To separate the arousal effects from one Te 
of pairing to the next, two slides contant, à 
four colors each were inserted between ve 
paired associates and S was instructed 
name the colors. (Red, green, orange, pius: 
black, and yellow were used randomly [o 
these slides.) The S was instructed to con 
centrate carefully on both colors and nonsens? 
syllable-number pairs" as he called them oU 
loud, but to avoid rehearsal S was p 
specifically told that he would be tested foi 
recall. 
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Ps eee ta determine the specific arousal 
zn ps each nonsense syllable, skin re 
dictns recorded during learning. 
bx i mS were of the zinc variety described 

y Lykken (1050), To insure constancy of 


he 


conditions * 
AMD electrodes and recording ap- 
is atus were also used during the recall 
Sessions, 


to Ruting the recall session S was instructed 
easet Neue the correct number- for each 
if Les syllable as it appeared, and to guess 
Wete was uncertain. The correct numbers 
inter not repeated. Colors were t 
erpolated task as before. 
at m l'he three groups w 
(al ach of three recall intervals: 
muc ? min.) 20 mm. and 1 wk. 
mis Correct. for serial order effects st 
P aed training lists. Were used, each lish 
ee n to two Ss in each group: I he lists were 
mire so that each of the six nonsense 
Vllables appeared once in each position in the 


ised as an 


ere tested one 
immediate 


li s ` E 

E (Fisher & Yates, 1938). phe order of the 

ecall lists was varied in the same manner. | 
Data anal Any drop in S's skin 


vecti which occurret 
consid ation of a nonsense ` 
convi ered an arousal deflections ^75 
six d to percent deflections. Peet 
Case SR deflections were then ran et A ps 
evel p! ties, a. deflection occurring at à 
ered m absolute skin resist 

Mini an arousal than à $ 
three he at a higher absolu Lag eed 
desigr highest deflections for each - "a 
' nated “high arousal learning," ane e 
5 “low arousal 


n H 
e: ee lowest were designated 
arning,” 


ite level. 


RESULTS 


" able 1 shows the fred! 
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eee low arousal at t 
eo No systematic, 
wn in the distribution [o 
ey could account he 
arous in behavior 9 high 
Usal learni 
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een hi low arouse 
p immediate 


as 
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usal ables are To 
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Our +; 
Vur times as often 25 nuni 


ciated w; 
S with high arous 
Yllables, The capacity to reca 


TABLE 1 


NUMBER or Times EACH NONSENSE 
LLABLE PRODUCED A Hic | 
or Low AROUSAL REACTION 


High Arousal Low Arousal 


m ial xd 20 
1Wk-| Min. | Min. | ! Wi 


2 
Min, | Min. 
5 E 6 7 7 
7 6 8 5 6 2 
8 7 6 4 5 2 
9 5 6 6 7 6 
2 8 4 7 4 8 
d ? 6 D 7 6 


bers associated with low arousal 
nonsense syllables decreases as a 
function of time in a characteristic 
forgetting curve pattern. On the 
other hand, the capacity to recall 
numbers associated with high arousal 
nonsense syllables shows a consider- 
able reminiscence effect. After 20 
min., the increase is 100%, and by a 
week it has increased 200%. 

Analysis of variance (Lindquist, 
1953) for correct responses confirms 
the trends in the figure at p < .01, 
F (2,33) = 5.74. This significant in- 
teraction is primarily attributable to 
the effect of the immediate condition, 
F (1, 11) = 10.81, p< .01, and the 


PER CENT RECALLED 
* 


Mi a 10, 080 
LOG TIME IN MINUTES [1m 
Fic. 1. Differential recall of nonsense 
syllable paired associates as a function: oF 
arousal evel 
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1-wk. condition, F (1, 11) = 7.24, 
p «.025. Thus at immediate recall, 
low arousal learning is significantly 
greater than high arousal learning; 
after 1 wk. the situation has reversed 
and high arousal recall is significantly 
better than low arousal recall. 

Since there is some tendency for 
adaptation of GSRs during presenta- 
tion of a list, the possibility arises that 
serial order interacts with the arousal 
classification. Thus it would be ex- 
pected that the first two items would 
tend to fall in the high arousal cate- 
gory, while the last two items would 
be in the low arousal category. This 
is not borne out by the data. Analysis 
of recall as a function of interpolated 
interval and arousal classification, 
plotted separately for pairs of con- 
secutive items, is essentially identical 
to the results shown in Fig. 1. Fur- 
thermore, if the first item is omitted 
from the analysis (since it contributes 
largely to the high arousal category) 
the results still remain like those in 
Fig. 1. 

Discussion 

Since the high and low arousal curves 
contain essentially the same items, the 
results show that differential recall 
ability can be predicted on the basis of 
the individual S's arousal change during 
presentation of a stimulus, and is in- 
dependent of the association value or 
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other quality unique toa stimulus. Th 
finding provides further support for th 
theory of reverberating neural circuit 
previously used (Kleinsmith & poni ad 
1963) to explain both the marked 
reminiscence effect in high arousal learn 
ing and the more typical forgetting 
curve of low arousal learning. 

In brief, high arousal learning shows 
poor immediate recall due to the relative 
unavailability. of the rapidly reverbera- 
ting neural trace, and strong permaeni 
memory due to the great amount b 
perseverative consolidation. Ls atte 
learning, on the other hand, shows gooo 
immediate recall due to lack of rapic 
reverberation, and yet poor long-term 
memory for the same reason. 
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are temporal and spatial uncertainty. 
Temporal uncertainty is defined by 
the temporal regularity of signals, and 
it is assumed to determine temporal 
expectancies, or a state of readiness 
in S for when the next signal will 
Temporal expectancy can be 
considered à learned state that is 
acquired through experience with the 
temporal intervals in the task, and it 
j inferred from performance as a 
function of the time intervals between 
signals. Spatial uncertainty is defined 
by the regularity with which signals 
occur at the spatially arrayed stim- 
ulus sources. As with temporal ex- 
ectancies, S can learn spatial ex- 
ectancies about where the next 
signal will occur through experience 
in the task, and this learning can be 
expected to direct the visual observing 
that he employs for stimulus 
(Wyckoff, 1952). Frank- 
d Adams (1962), in their 
of the vigilance literature, 
-potheses and methodology 
contemporary research on 
Our particular 


occur. 
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of spatial uncertainty, which in turn 
was related to the predictability that 
S could acquire about the place of 
signal occurrence. With spatial cer- 
tainty, S could quickly learn where 
the next signal would occur, and only 
a minor observing response was re- 
quired to be properly oriented for the 
next signal. But with high spatial 
uncertainty, where spatial patterning 
of signals was random, | S had to 
maintain an active scanning of stim- 
ulus sources to insure speedy signal 
detection because he never could be 
sure where the next signal occurrence 
would take place. Thus, through 
learning, a measure of control over the 
observing response was gained. 

Using a complex vigilance task with 
spatially arrayed stimulus sources, 
and a long monitoring session, the 
experiment reported here investigated 
the separate and combined effects of 
temporal and spatial uncertainty of 


signal occurrence on human attentive 
behavior. 


METHOD 


Apparatus—Two units of the Multiple 
Source Vigilance Apparatus were used, each 
in a separate room, and two Ss were run at a 
time from a central control station operated 
by E in an adjacent building. The room had 
general ceiling illumination with a 100-w. 
bulb, and S sat at a desk and faced a semi- 
circular metal track fixed at eye level to the 
back of the desk. On the track, and 30 in. 
from S's eyes, were mounted three small 
(13 X 2 in. front surface) digital display 
boxes that presented the number 20 ( 
high) which was the signal that S 
detect. The number was bri 
easy reading, but the brightness level was 
intentionally low so that S could not catch the 
signal in peripheral vision, He had to orient 
toa display box each time. The three display 
boxes were arrayed over 144?, with one box 
placed in the center position directly in front 
of S and the other two boxes placed 72? to 
the left and right of center. The 144? re- 
quired head and eye movements to scan the 
boxes, and this wide Separation was used 
intentionally to elicit an ample, distinctive 
observing response. 


Zs in. 
had to 
ght enough for 
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l'he boxes were normally blank. W hen a 
i, wared S's task was to report it as 
signal appeared S alar Button 
quickly as possible by pressing a large button 
located 4 in. from his finger Ups. a S 
instructed always to respond with the € 
referre The latency between onse 
preferred hand. ) ppoe ca 
of a signal and S's response to ud on 
performance measure, and it VAS recore à 
a Standard Electric timer at ^s stria 
signal remained on for 5 sec., and the SE jö- 
and the intervals between them HIS 
gramed on punched tape and automatica 
read by a digital tape reader. , x 
The S's chair was locked into a Ses Bile 
that was judged by S to be comfortable Pi 
Which inhibited him from moving the p^ 
or leaving it. Furthermore, S's a iii 
kept in a standardized position by do desk 
to keep them on padded armrests on E pes for 
top, which was slanted at an angle E ies that 
comfort. The armrests were wired pe aa 
E was informed by telltale lights UL NM 
moved his arms from their required pos E 
or if he used his nonpreferred hand, SS 
would then issue a reminder over an Dip 
system. One or two reminders E iae 
practice session were sufficient to guo rio 
these procedures throughout the cr! Si 
session that followed. “The main purpose A 
the armrests was to control the distance ^ 
arm-hand movement, which is a well-kno & 
variable for response time (eg. Brow" 
Slater-Hammel, 1949), sion 
Experimental — procedures.— ach ROPA, 
hr., divided into five trials of 30 md 
ach for scoring purposes. A trial had Qo 
signals. All Ss had a practice and a criter! te 
session, which were administered on separe. 
days. The practice session was administer’ » 
to insure that S was thoroughly familiar ce 
the task and procedures, and to provide as 
opportunity for learning about the M 
of spatial and temporal uncertainty. T Son 
fore, only the data for the criterion ses 
were analyzed. 
The sitet had an independent are 
of Ss in each cell of a 2 X 2 factorial de: 25 
with temporal certainty and ungertain ey cn 
one dimension, and spatial certainty an tem- 
certainty as the other dimension. : For. à 
poral uncertainty, the following intem. 
intervals were randomized separately on 0, 
of the five trials: 15, 33, 81, 129, 180, 234, ^^ 0 
354, and 438 sec. For temporal certainly Sos 
intersignal interval was constant at 195 * for 
which was the mean value of the intervals ^ 
the temporal uncertainty condition. rely 
uncertainty had the nine signals separa ch 
randomized among the three sources on r” 
trial, with the restriction that each of 


nals 


tion 
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thr 
trial pose be assigned three signals on à 
ment of si ee à € ertainty was a repetitive move- 
etc., and ie s from left to right, right to left, 
source CE with three signals at each 
random ra e. To help guarantee the 
minimize S". i teristics of signals and to 
acteristics « i NATRI of the particular char- 
With the di an input tape, 2 different tape 
order Ae: me events in a newly randomized 
Sessions Kore for the practice and criterion 
and/or sp or the groups that had temporal 
a Each pem incertos ze d 
(tem $ 1e four groups had 20 Ss. Group 
ieee uncertainty) had temporal 
(spatial and spatial certainty. Group 
ainty ANa uncertainty) had spatial uncer: 
Certainty) temporal certainty. Group | 
y) had both temporal and spatial 
U (uncertainty) had 


Certaj 
oth us and Group 

ko Een and temporal uncertainty. Thus, 
ron that were perfectly 


Predictahl had. signals 
signals e in time and place, 
had "oret only in pl 
roup U |, predictable only 
oth tir had signals that were 
group me and place. Instruc : 
lata ee the certain and uncertain 
Supplem of the task, and this information 
he mented the familiarization provided by 
Practice s 


Group TU had 
ace, Group SU 
in time, anc 
uncertain in 


ations for à 


ssion, 
ie 


Subjects —T 
bjects.—The 80 Ss were 


university n 


ung 

erer; l 

5 graduates who were pat for their 
indomly assigned 


artic; 
cipati S 
D. pation, They were re 


th 


Eroups. T 
ups. Their watches were taken from 


lem 
at o z 
the start of each session- 


P Results 
Search ii delechion.— Previous re- 
Sistent that has used tasks with per- 
high signals has always found a very 

ieee of detection Adams & 
ie ^5 1950. 1962; Adams & Humes; 
al, i Adams et al., 1962; Adams et 
ang "E Boulter & Adams, 192°” 
his experiment was ! ception. 


10 eX! 
9g ,S'Oups had a detection vel 0 
e € 


Session or higher in 
Lato; 

on ty measure T De score for vm 
espone idu] yas the PET his 
aon on the trial, which were 
high 1 always nine because t E 
p on etection rate. Figur j show 
of mean latency fof each grouP 
cals of the 


Sa 1 
function of the five 


aratia UMCLMTANTY 


S ue] enoue 30) 
2 
> 160) 
g 
z 
ü 
+ 140) 
a 
EI 
tewi 

120 iPod Ueccntanire 
a 
3 ioo ani ae 
= reuroma cuntantY 

‘nove e1 
080| MS oo === 
cmi a 
060| 
^ 5 1 
TRIALS 

Fic. l. Mean response latency as a function 


of trials for each of the four groups. 


criterion session. Mean performance 
is shown for each of the three stimulus 
as well as for overall perform- 


sources, 
ance where all three sources were 
combined. Group C, which had 


signals perfectly predictable in time 
and spatial position, had the best 
overall performance. Group TU 
whose signals were only temporally 
uncertain, had somewhat poorer per- 
formance than Group C. Groups SU 
U had performance distinctly 
oorer than the other two groups 
showing that the requirement for ex 
» visual scanning when signals 

had high spatial uncertainty is im- 
ing vigilance performance, 

e compounding of spatial and 

| uncertainty for Group U 


erformance that was con- 
Group SU 


and 


r- Groups C, TU 
1.01, 1.41, and 

Simple anal- 
ariance for between-groups 
where the score for each S 


OU, 
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was his overall mean performance for 
the session, was statistically signifi- 
cant, F (3, 76) = 66.56, p < .01. The 
prominent group differences in Fig. 1 
were substantiated statistically. 

A three-way analysis of variance— 
Trials (5) X Sources (3) X Ss (20)— 
with an S's trial score being the entry, 
was performed for each group to test 
the effects of stimulus sources and 
trials. All groups in Fig. 1 show some 
tendency for performance to decrease 
as a function of trials, which is the 
well-known vigilance decrement, but 
only Group TU had a significant trials 
effect. For the trials variance, the F 
ratios (4, 76) and probabilities for 
Groups C, TU, SU, and U, respec- 
tively, were: 1.75, p> 05; 3.24, .01 
=p <= O5: 1.73, p > .05; 1.50, 
p 2.05. Only Group SU and lj. 
with high spatial uncertainty, had 
Sources as a significant source of 
variation. For the sources variance, 
the P ratios (2, 38) and probabilities 
for Groups C, TU, SU, and U, re- 
spectively, were: 1.51, p 405; 1.75, 
p> .05; 10.02, p <.01; 39.32, p < 01. 
No group had a Trials X Source inter- 
action term that was significant at the 
.05 confidence level. 

The standard deviation for each 
group was computed using the 300 
trial scores of the session. (20 Ss, 5 
trials, 3 sources), and their values 
were 3.08, 3.89, 5.03, and 7.27 sec. for 
Groups C, TU, SU, and U, respec- 
tively. Increasing temporal and spa- 
tial uncertainty not only worsened 


mean performance but also increased 
variability. 


"Temporal and spatial uncertainty both 
emerge as clear-cut variables for vigilance 
behavior in a complex visual task with 
multiple stimulus sources. ]t was a 
reasonable expectation for Group C, 
with a relatively easy task of learning the 
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repetitive temporal and spatial pattern, 
ing of signals, to have a high level và 
proficiency after 2.5 hr. of learning 1n ni 
practice session, but the outcomes for t : 
other groups were not so self-evident. 
The amount of temporal uncertainty W e 
the variable differentiating Groups C a 
TU and Groups SU and U, and in Bots 
instances it induced lower proficiency: 
Under conditions of high temporal un- 
certainty Ss presumably had poor as 
poral expectancies and an unrelian 
internal mechanism for cuing the time p: 
signal and the result Was k 
reduced state of readiness to react a! 
longer response latencies. 
| 


arrival, 


Groups C and TU had low demand 
placed on the observing response becats 
their 
session 


: : . practice 
s could easily learn in the prac ^ 
signal wou 
levels were 


where the next 
occur, and their performance ae 
high relative to Groups SU and U v digs 
elicited an ac 


spatial uncertainty | 
| continually 


observing response as S f oc 
searched for a signal whose place 9 "th 
currence was unknown to him. pet 
signal occurrence random with respect 3 
of stimulus 


> ree spatii sations : 
the three spatial locati being 


sources, the observing response, “ee 
directional, had only one chance in th! s 
of being oriented to the correct stimulus 
source at the time of signal occurrence: 
The result was longer average inte 


re- 


and relatively high variability. 

observing response, as a small-scale in 
sponse for stimulus reception that om 
venes between stimuli and the ipi 
mental motor response system Who 
action Æ records, has also been revea in 
as a potent determiner of performance 

studies where amount of spatial sep 
tion of stimulus sources was a vari 
(Adams & Boulter, 1962; 
Xhignesse, 1960; Briggs & Howell, 1 
Fitts & Simon, 1952; King, 1961). T 
of vigilant 
jsua 


ara- 


Adams * 


959; 


A possible explanation 
decrement is that S giv pn 
scanning as the long session progres d- 
While recognizing that the direct re be 
ing of head and eye movements W DU s 
most decisive for evaluating this 


up active V 


hy 


A autiot 
pothesis, our data do allow a sce 
inference about such matters. por 

a as 
ment was not most prominently 2 
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a with Groups SU and U that had 
p» greatest requirement for active 
tr pian as might have been expected 

d these groups abandoned or reduced 
this demanding requirement after a while. 
Jnly Group TU had a statistically 
Significant amount of decrement, and all 


0 `p =} 
net groups had a small but nonsig- 
ific; p 
Em decpemental trend over tnam 
owever, other studies (Adams Š 


Boulter, 1960; Adams & Humes, 1963; 
iube et al 1962) have suggested that 
des ens response is related | to 
are m W here some stimulus SQUE i 
Te clustered with respe rs anc 
nre ving appears pre- 
SUpied with the cluster. 

"E Small amounts of d 
Complen with our other, ec 
Sources . tasks with multipk = a 
Joult s and persistent signals CM ams & 

er, 1960, 1962; Adams & Humes. 


Pes 
ct to othe 


to become 


ecrement are 
research on 


19 

ig Adams et al, 1962: Adams et al., 
oft ; Although vigilance decrement 15 
à i , v simple mont 


toring stantial for very SIP 
Sn tasks with brief, transito! 
ic Emann & Adams, 1902). the pari 
i, POETS of the human S in comple 
ed e far greater than 


y signals 


ne asks appear to b 
Y would surmise. 
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COMPOUND STIMULI IN PAIRED-ASSOCIATE LEARNINC 


j S > (2 SANDER ORMAN, 
LEONARD M. HOROWITZ, LOUIS G. LIPIH MAN? SANDRA \. NOR 
axb GEORGE W. McCONKIE 


Stanford University 


In several paired-associate (PA) tasks, triads of words served as oreo 
The associative relationship between the words of a triad was as 
tematically varied. Words of each H (horizontal) triad were jadis 
associated, while those of the I (independent) triads were not. AN yes 
of the V (vertical) triads were associated with words of other V me 
but not with each other. In Experiment I, 30 Ss learned each type E 
item. Performance on the H items was facilitated, and that on she Hi 
items was hindered (p « .001). periment I1 (N 30) — 
this result and provided control data with single-word stimuli. i 
performance with stimulus triads was always poorer than that ee 
single-word stimuli (p < .001). Experiment HII (XN = 60) pei 
the generality of these results. A single view of PA learning is propose S 
to integrate several interpretations of the results, and implications for 


serial learning are discussed. 


This article reports three experi- 
ments that examine the effect of 
compound stimuli on paired-associate 
(PA) learning. Two of these experi- 
ments show that PA learning is 
facilitated when the ingredients of the 
compound stimulus are interassoci- 
ated. The third experiment, however, 
limits the generality of this conclusion. 
These experiments provide empirical 
data that may help clarify the nature 
of the stimulus in serial learning. 

The “chaining hypothesis" of serial 
learning asserts that each item of a 
serial list comes to elicit the following 
item, but a number of direct experi- 
mental tests (e.g., Primoff, 1938; 
Young, 1959) have disconfirmed this 
hypothesis. In these experiments a 
serial list and a PA list were prepared 
such that each pair of adjacent items 
of the serial list became a pair of 
associates in the PA list; S then 
learned both lists in either order. 
Hereafter, this PA task is called a 
“chained PA task." 

According to the chaining hy- 


1 This research was su 
Grant MH 05428-02 of 
Public Health Service. 

? Now at Michigan State University. 


pported in part by 
the United States 


r T me | oc- 
pothesis, positive transfer ae 
cur between tasks, but in ie ers 
research has shown little such trans 


amon- 
Horowitz and Izawa (1963) ^ 


suggested that the chaining !r 
esis is oversimplified. It implies A 
example, that the two tasks be lear” $ 
with equal speed, but in actual fac Jj 
serial learning was mastered Epona 
To account for their results, Ho! 


e 
witz and Izawa (1963) proposed Ue 
following “cluster hypothesis, yee? 

c 


views serial learning as a more ud 
plex PA task. When S learns a e E 
list with little internal interference s 
cluster of preceding items serves i 
the effective stimulus for each M 
To account for their results with wa 

hypothesis, though, the authors iha 
to make one major assumption” y if 
the complex PA task is facilitate wr 
the elements of the stimulus clus a 
are themselves interassociated. T de 
when .S learns a serial seque? 

(A-B-C-D-E), Item E becomes . 
response, say, to the preceding clus! 5 
BCD. During serial learning, ' Ej 
elements of the cluster become int? 
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associated (Horowitz & Izawa, 1963), 
and by the above assumption, the 
Complex association 1$ facilitated. 
Thus, this assumption allowed the 
authors to explain how serial learning 
might be mastered sooner than the 
chained PA task. 
l A first step in examining the cluster 
hypothesis, then, is te test this 
assumption. In Exp. | and Il, S 
farned associations between stimulus 
triads and single responses: the as- 
Sociative relationship between stim- 
ulus words was systematically varied. 
ne experimental arrangement also 
Permitted the authors to compare PA 
earning with single and compound 
Stimuli, [n Exp. lll the authors 
ed to broaden the generality of their 
sults with a modified procedure. 


rs | AND Il 


PERIME 
Method 


esents the 


, Materials — Table 1 pr 
that were " 
is composed 


E 

Exp lus-response pairs [ À 

of at „and I, Each stimulus 

Wee riad of words, and the 
n these words was variet 


Ypes 
? PES of tria T cords of each 
le s oras o! H 
ads. The wor I another in 


Zonty 
tal) triad were associates of one 


i sfielc 
Wp; onnecticut norms (Boushe!®, om as 
hitmarsh, & Kincaid, 1961); !" aes 
ble they were not associated NAE ted 
Other triads, Those of y (ve 


Cohen, 


Possj 
of 


sTS UsED 


poe eee — V Items 


H Items 


EL Se NN E. 


— M 
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triads were associated with words of other V 
triads but not with each other. Words of the 
| (independent) triads were not associated 
with one another nor with words of other 


triads. 


The responses of List 1 were selected from 
Noble's (1952) list of dissyllables. The mean 
of the H responses was 1.27; 
of the V responses, 1.36; of the I responses, 
1.30. ‘The responses of List 2 were selected 
from Melton and Salier's list of two-syllable 
adjectives (Hilgard, 1951). They were so 
selected that each response of List 2 occurred 
more than 10 times per million in the Thorn- 
dike-Lorge (1944) frequency count, and no 
two of them were synonyms. 
Procedure, Exp. 1.— First S pronounced 
each response of List 1 once, and the nine 
triad-response pairs were then presented on a 
Lafayette memory drum, Each stimulus 
triad was exposed as a unit for 2 sec, and 
then together with its response for 2sec. On 
successive trials S tried to anticipate the 
response by pronouncing it. Four different 
of presentation were adopted; the 
continued to a criterion of two 
The instructions encouraged S 
the entire triad (as he must 
and told him of a later 


association value 


procedure wa 
perfect trials. 
to attend to . 
during serial learning) 
test of stimulus recall. 

Some procedure was needed to demonstrate 
he functional stimulus for each response 
^as in fact more than a single word. ‘There- 
y re divided into three groups, and 
participated in a transfer task. 

nations were formed of the 
Table 1, and the same 9 
were paired with them. (The 
intentionally retained the same pool 
7 stimulus words to avoid irrelevant 


] Items 


SLEEPY 
OPEN 
SECURE 
OUTWARD 
SIMPLE 
COSTLY 
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influences due to new stimulus words) One 
word of each original triad continued to be 
paired with its response of original learning, 
but the other two stimulus words were 
changed. If a single word served as func- 
tional stimulus during original learning, 
transfer performance should have been best 
when that word remained intact; performance 
should have been inferior, though, when cither 
nonfunctional word remained intact, and 
equally so for each of them. Any other 
pattern of relative performances would imply 
that the functional stimulus contained more 
than a single word. 

For one transfer group the first word of the 
H stimuli was held intact, and the remaining 
stimulus words were changed. For example, 
THIRSTY, FORK, and CIGARETTE were paired 
with POLEF to form a new pair. ‘The second 
word of the V stimuli was held intact, and the 
third word of the I stimuli was held intact, 
For another transfer group the first word of 
the V stimuli, the second word of the I 
stimuli, and the third word of the H stimuli 
were held intact. For a third transfer group 
the first word of the [| stimuli, the second 
word of the H stimuli, and the third word of 
the V stimuli were held intact. The procedure 
for learning the transfer task was identical 
to that of original learning, but S continued 
to a criterion of only one perfect trial, 
Finally, Sv supplied with a listing of the 
responses, and he was given unlimited time 
to record the corresponding stimulus triads 
of original learning. 

Procedure, Exp. IT. 


Experiment IT served 
two purposes. First, it replicated the results 
of Exp. | and extended the generality of them. 
Second, it provided control data to demon- 
strate that the results of. Exp. | were not 
artifacts of uncontrolled item characteristics. 

Asa practice task, S first learned a moditied 
version of List 1. In this list each pair of 
associates contained a single stimulus word, 
the first word of the triad shown in Table 1. 
In all other respects, S's t 
original task of Exp. 1. 
expected similar pe 
items (but inferior performance on the V 
items because of associative interference). 

! After Ss achieved a criterion of one perfect 
trial, they were divided into two groups. 
One group learned the 18 S-R pairs of List 2, 
and the other group, an alternate form of 
List 2. (In the alternate form, triads and 
responses were differently paired, and the 
order of words within triads was changed, 
The performance of these two subgroups did 
not differ systematically, and they are not 
distinguished hereafter.) The procedure for 


ask duplicated the 
"Thus, the authors 
rformances on the H and I 
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both subgroups was identical to that of a 
I, but because List 2 was so long, some Smelt 
iat complete the task Vherefore, yes d 
was continued to a criterion of one perfec 
trial or to the end of the 50-min. sa 
whichever occurred rhen 5 2v 
supplied with a listing of the responses y ku 
was given unlimited time to recort 
corresponding stimulus triads. | T" 
Subjects.—Vhirty Ss participatec it ee 
experiment. These Ss were sgn n 
lected from the introductory psy " id 
classes at Stanford University, Some of 5 un 
had learned CVC trigrams in earlier red 
ments, but this experience was perit 
unimportant in view of the random selec 
of Ss, 


first. 


Results 


= 

Original learning (Exp. I and af 
Figure 1 shows the mean number © 
correct anticipations that S predium 
throughout the first 15 trials on Sepe 
Separate graphs are presented for h 
II, I, and V items, and cach Loa 
approaches 3.00, the maximum eee 
An analysis of variance was pen. e 
on these data and showed that to 
mean performances differed pur 
cantly, F (2,58) = 35.13, p < 00E 
The difference between S's perform" 
ance on the II and I items appro*" 
mately equaled the difference between 
his performance on the I and V iten?" 
t = 0.53 for the mean difference Pe 
tween the difference scores through" 
15 trials. 

The importance of the stim 
composition was further illustrate the 
two other performance measures Bü 
total number of errors that S produc | 


à i whe tri 
before mastering the list and the st 
number when .S produced his dg 


error. Both measures showet P 
nificant differences (p < .001) amm 
the three types of stimulus E 
position. For the error BUT. 
F (2, 58) = 32.59; for the trial m“ 
ure, F (2, 58) = 27.93. 

The control data from the pra 
task of Exp. II are also presente 
Fig. 1. Each stimulus in this 


ctict 
d in 
5 


tase 
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;ROUR LISTI lExperme 
J 1 (Experiment I) CONTROL GROUR MODIFIED LIST 1 (E 
aperiment TL) 
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es throughout 15 trials for each type of triad in 


Fic. 1, Mean number of correct respons 
trol performances when single words served as 


List 1 (Exp. 1); also, the corresponding con 


stimuli (Exp. 11). 


Contained just one word, and the H 
Control pairs did not differ from the I 
A (t= 0.04). Thus, the 
differences observed in Exp. I are not 
artifacts of uncontrolled item char- 
acteristics, The mean performance 
m E V control pairs is also presented 
perf 16. 1 for comparison. The V 

ormance was significantly poorer ; 
ance showed sig- 
among the three 
items, F (2, 58) 


Control pairs 


nif analysis of vari 
Skin differences 
pue of control 
5 16.95, p < .001. 
ae he II and I control performances 
n Isistently surpassed the H experi- 
lental performance. In fact, the H 
"Nperimental performance resembled 
ees V control performance and "m 
Va differ significantly from it. (The 
alue of ¢ between the mean number 
siping anticipations throughout 15 
Sonin on the H experimental ani ps 
Con rol items was 0.24.) 1 he z x ^ 
b aid this result fortuitous, bu d 
oes underscore an important inter 
Bn component in the H condition. 
Several features of the experimental 


C - z " ee € 
editions help identify this inter 
rence component. For one thing, 


more stimulus words were available to 
interfere with the correct responses. 
Second, S probably used part of his 
learning time associating ingredients 
of the triads. And finally, the antici- 
period may have been ap- 
hortened because S had 


o read whenever à 
& Tucker, 


pation 
preciably s 
more material t 
triad appeared (Schulz 


1962). . 

Replication (Exp. II).—The major 
result of Exp. I was replicated in Exp. 
I] as shown in Fig. 2. The S's 


o 


a 


> 


m 


MEAN NUMBER OF CORRECT RESPONSES 
m 


sé T 8 9 109 i 1213-1415 
TRIAL NUMBER 


2, Mean number of correct responses 


Fic. 2 
throughout 15 trials for each type of triad in 


List 2 (Exp. ID. 
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performance on the II items con- 
sistently surpassed that on the I 
items, and his performance on the V 
items was consistently the poorest ; 
F (2,58) = 15.72, p < .001. Anal- 
yses were also performed of the error 
measure and of the trial measure 
described above. These analyses con- 
firmed the significance of the differ- 
ence reported in Fig. 2. For the error 
measure, F (2, 58) = 13.78, p < .001; 
for the trial measure, F (2, 58) 
= 16.83, p < .001. 

Thus, these results confirm the 
authors’ original hypothesis. If a 
response is learned to a compound 
stimulus, PA performance is facili- 
tated when the compound's elements 
are interassociated. 

When elements of different triads 
were associated, PA performance was 
severely hindered. If the cluster hy- 
pothesis is valid, this result is relevant 
to serial learning. In serial learning 
successive clusters contain elements in 
common, and such clusters would re- 
semble the V triads of the present 
study. Thus, any theory of serial 
learning based upon the cluster hy- 
pothesis would have to explain how S 
overcomes the resulting interference. 

The explanation might incorporate 


Position! intact 


Position 3 intact 


Position 2 intact 
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Fic. 3. Mean numb 
throughout 15 trials 
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er of correct responses 
of the transfer task for 
riginal triad held intact, 
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the following feature of serial learning. 
An element common to several A 
ters of a serial task occurs g » 
different position of each M 2o 
its associative strength with eb 
sponse may correspondingly bre 
Thus, the strength of a aan 
a unit) to clicit a given d 
depend upon the relative strengt wets 
the individual elements, and the if te 
ference in such PA learning lon o 
be thereby reduced. The analy eet 
scores on the transfer task hi 
that the position of an clement iaces 
the triad does influence its associ 
strength with the responsc. The eX 
Transfer task (Exp. ae sr task 
perimental design of the trans e tions 
required Latin square combina?" os 
of three variables: G (the three E ulus 
of Ss), P (the position of the E he 
clement held intact), and An 
nature of the stimulus triad). on 
analysis of variance was perform... 
the number of correct anticipa 
during the first 15 trials. Varia 
did not affect transfer perforn ; 
significantly, F (2,54) = 1.14, P 7 550i 
but Variable P did, F (2, 54) = 10%) 
b «.001. If the first elemen 
mained intact, performance was 
if the second element remained n 
performance was poorest. . I de cti y 
ponent of the PXT et NS 
variance that is associated WIES nil 
tematic group differences was s put 
cant, F (2,27) = 414, p < 0 
the remaining component was 
F (2, 54) « 1.00. scor? 
Figure 3 presents the mean sk fof 
on each trial of the transfer to. rhe 
each position held intact. Th! 198% 
first element of the triad was on” 
ciated most strongly with the resP the 
during original learning, 2" pi? 
second element, least strongly: inc 
result is ambiguous, of course: es 
the inference is based on aV? wet 
Therefore, individual records 
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examined; the relative performances 
of 16 Ss resembled that described in 
Fig. 3. No other single rank ordering 
Systematically described the relative 
performances of the other 14 Ss. At 
least for the average S, then, the 
functional stimulus of original learn- 
ing contained more than one word. 
Stimulus recall (Exp. I and II 
An analysis of the original stimulus 
words that S could recall confirmed 
the importance of the item's tria 
position during original learning. In 
Exp. I, the mean number of words in 
the first position that S recalled cor- 
rectly was 6.10; in the second position, 
3.77; in the third position, 4.87. 
These means differed significantly, 
F (2, 232) = 14.78, p < 001. (The 
error term in this analysis was the 
a action; Ss X PT combinations) 
he corresponding means 9 ZNp- 
were 12.60, 11.57, eal 12.63; F (2, 232) 
= 3.70, p < .05. In both i rn 
ments, significantly fewer words of rin 
Second position were recalled, but the 
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superiority of the first element in 
recall did not persist. 

The nature of the stimulus triad 
also influenced S's performance on 
stimulus recall. In Exp. I a mean of 
6.83 H elements was correctly re- 
called; V elements, 3.77; and I 
elements, 4.10. The corresponding 
means of Exp. II were 15.37, 9.93, and 
11.50. In both experiments the 
difference among means was signifi- 
cant, p < .001. In Exp. Il, F (2, 232) 
= 30.67 ;in Exp. II, F (2, 232) = 67.13. 
The S's recall of H words was under- 
standably superior in view of the 
facilitative effect of interitem associa- 
tive strength on free recall (Deese, 
1959). 

Analysis of errors (Exp. 11)— 
Table 2 presents an analysis of the 
errors produced in Exp. 1I throughout 
the first 10 learning trials for each 
type of item. The errors have been 
classified as “failures to respond,” 
“extralist intrusions,” and “within- 
list errors." In addition to the actual 


TABLE 2 


iw Exp, lI AND II] 


ANALYSIS OF ERRORS ‘THROUGHOUT 10 TRIALS OF LEARNING 
ANAL z i 
ob I Items V Items 
ems 
(we o " " n % a % 
594 78.9 647 71.8 
Failures to respond 401 Vid "t 1.5 ES js 
“xtralist intrusions a 29.7 148 E ^36 E 
finas errors 92 15.7 a 118 29 32 
1 beaporiers 54 9.2 29 3.9 164 18.2 
esponses 28 4.8 153 901 
Tob] S 585 - 
i 1 Items C Items 
H Items 
Exp, Hl — 7 NE^ 2 % 
(N = 60) % LANE = = 
Ec = 1.029 73.9 e 72.9 
failures to respond | 957 kn ' 88 23 Xs 23 
Xtralist intrusions i 26.6 276 A 68 5.9 
L ithin-list errors | 374 “9.3 14 23 60 5.2 
Fesponses 7 10.0 m 68 j 17 10.2 
sponses A 5 30: AS 
He ences 103 * 1,393 
Total — 1,406 
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omissions, responses were scored as 
failures if they occurred after the 
anticipation period. Extralist intru- 
sions refer to all inappropriate re- 
sponses, even stimulus words produced 
as responses. (On the whole, intru- 
sions occurred very infrequently, but 
43% of them were stimulus words.) 
Within-list errors refer to all the 
appropriate responses that were pro- 
duced at the wrong time; they were 
further sorted into H, V, and I 
categories, according to the category 
of the response produced. 

The most salient error was the 
failure to respond, which comprised 
more than 60% of the total errors. 
(For all pairs of comparisons the 
proportion of failures was significantly 
the larger, all z's 2 9.38, p< .001.) 
This preponderance of failures js far 
more characteristic of a serial task 
than of a chained PA task (Horowitz 
& Izawa, 1963). Thus, the error 
pattern induced by the present PA 
task seems to resemble that of a 
serial task. "Table 2 also shows how 
appropriate S’s within-list errors were. 
Within-list errors to II triads were 
typically H responses; to V triads, V 
responses; and to I triads, I responses. 
The value of x? for a contingency 
table relating error type and item 
type was 214.73, p < .001. Before S 
mastered each pair of associates, 
had apparently discriminated among 
the three classes of stimuli and had 
categorized the responses accordingly. 


he 


EXPERIMENT III 


One major problem in examining 
the cluster hypothesis is that char- 
acteristics of serial learning are diffi- 
cult to simulate with a PA task. 
During a serial task, for example, S 
obviously attends to all the items that 
precede a given item. But in the PA 
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Method 
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retained were not 
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form an 18-item list, f n tail! 
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‘Two sets O e 
were added to cach C stimulus te eil 
a three-unit stimulus, so the total oC 
duration was uniform for all pairs. 


€ 
: * m o vli RECS oia 
the Ss, the asterisks of the C stimuli I , the 
the stimulus word; for the other phe 
asterisks followed the stimulus words ifi 


ha 


"x " 
variable did not affect performance, othe 
cantly, nor did its interaction wit ecuset 
variables, all Fs X 1.19, and it is not €! 
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Each pair of associates thus cont and: E 
ane ine 
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succession on a Lafayette memory dur 
three stimulus elements, a. blank 3 pat 10 
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rates were adopted for generality + seco ik 
group of Ss each ingredient lasted MESE ie S 
for the remaining Ss, 2 sec. ‘The 5 an 
directly encouraged to attend to all is imul 
words, nor was he ever tested for > ict 
recall. Otherwise, the procedure was 
to that of Exp. IT. 


Sixty Ss were ter oat 
; 4 : ¿per 
from the population of the earlier expe 


im 


COMPOUND STIMULI IN PA LEARNIN 
k ZARNING 


Results 
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oe of correct antici- 
seven Dein S produced throughout 
plete ie b m examined by a com- 
analysis Il of variance. This 
Pisce i To that the 2-sec. ex- 
to the eh significantly superior 
pe Amm a rate, F (1,56) = 15.57, 
stimulus aoe the nature of the 
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other kn. » 14.98, P < oot. No 
Significant of variation were 
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shows. ada: composition. Figure + 
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le stimuli. 
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the effect 
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associated. Although the chained PA 
task has the advantage of one-word 
stimuli, these stimuli also occur as 
responses and interfere with S's perform- 
ance (Umemoto & Hilgard, 1961; Young, 
1961). 

The facilitation of the H items in Exp. 
I and II can be explained in three ways. 
First, stimulus integration may be a 
required stage of PA learning, requiring 
that S integrate the stimulus elements 
into a unit before he associates the unit 
with the response. This hypothesis can 
explain why PA learning is more difficult 
with compound stimuli and why PA 
performance is better with H items. 
Second, S may have an advantage learn- 
ing the pairs that he can rehearse most 
easily during learning. The more readily 
S can recall a stimulus compound during 
learning, the more readily he can rehearse 
the S-R association. Elements of the H 
triads were more easily recalled during 
stimulus recall than those of the I triads, 
and this superiority probably occurs 
throughout learning. Finally, the task 
may require S to find some single 
associate that mediates an association 
between each stimulus element and the 
response. If the elements are inter- 
associated, the probability increases that 
they will share some common associate 
and that one such mediator can be found. 

These three explanations could be 
integrated by a single view of S's task. 
When S is asked to learn an S-R pair, 
he may have to discover some verbal 
context which embodies the stimulus and 
the response. (Some Ss have reported 
that they do structure their task in this 
way, though the context need not be 
well-verbalized by all Ss.) The S could 
discover such a context for the H items 
more easily since the probability is 
greater (a) that these items are associates 
of some common item and (b) that they 
all elicit some common response. Then 
when S is presented with the 


stimulus 
words during testing, he recalls the en- 
tire context to produce the "correct 


response." 


The statement that 


: 5 must discover a 
mediator betw: 


een stimuli and response 
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is then operationally the same as bd 
statement that he must TCG ea 
stirmuli- (This view assumes with Sea 
& Ebenholtz, 1962 that a distinc 
stimulus and response ES 
important for highly peri m ue 
Furthermore, the more sn Ner tie 
recall at least part of the m i 
more casily he can rehe: rse te agi 
tion during learning. Finally, ASTE Rm 
the stimulus compound, the peret 
usual the required context, and the 
difficult S's learning task. 
Thus, associates that S learn ae 
should be ones that he easily Sale be 
into a single context. And he s oatesi 
able to incorporate H items into confirm 
more easily than I items. de 
this claim, 16 additional Ss s 
to compose verbal contexts for the 
the I items of List 2. 1 
response pair wa 
3 X 5 in. index card. he fo 
a sentence which incorporated l n the 
words, and he wrote his sentence s P 
blank page of a booklet. The or” 
items was systematically 
S to S, and S's latency f cime 
Latency is defined as the amount © | ers 
between an item's presentation 2" were 
first pencil stroke. The latencies a log 
converted to logarithms, and m¢@". on 
latencies were computed for cac 5 mean 
the H and I items separately. Tho sec: 
log latency per H item was 1.016 108 2°46, 


295^ 
per I item, 1.244 log sec. (1 = : on 


between 


s rapidly 
ates 


r) :on 8 
igly 9 
ing sed 


p «001. This difference Wio, put 

sistent throughout the data of all * 

one. 5) nave 
Whitman and Garner (1962) task 


presented results on a free rcc? resent 
which resemble the results of the Pis of 
study. They prepared three vi four 
geometric figures which varied alo! wert 
different dimensions. The ae ternal 
alike, except for the form of the "d per? 
structure": In the figures of Set S "jon 
was no correlation among dimen sjon? 
in Set B, the levels of two dime et ul 
were perfectly correlated; and EN weit 
the levels of three dimension? P 
perfectly correlated. The S's me E p 
was best for Set C and poorest for 


COM 
Apparently, the correlation between 
dimensions of Set C permitted associative 
Strength to develop between these dimen- 
sions. In this sense, the items of Set C 
resembled the H items of the present 
Study. Within Set A, on the other hand, 
a level of any one dimension occurred 
With (and became associated with) 
Several levels of the other dimensions} 
thus, Set A resembled the V items of the 
Present study. 
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EFFECT OF BODY TILT ON APPARIEN r VER a 
APPARENT BODY POSITION, AND THEIR REL: 


MARTIN BAUERMEISTER 


Clark University 


i r "vertical direction 
100 Ss indicated, by means of a luminescent rod (a) the ve n i Pigeon 
in space (apparent verticali ; and (b) the direction of their ot d s 
body axis (apparent body positions) under body tilt ranging 


left, through upright, to 90° right. 


of apparent from objective 


Signilicant (p < .001) deviations 


TAM arent 
positions were observed for (a) appar 


NA — ' tween the 
vertical, (b) apparent body position, and (c) the relation DW NOE 
"i Í em — sano i 
two. "The trend of the observed. dex lations appeared as at 


function of the degree of body 
terms of the notion of 
fined with respect to external 


tilt. e rris 

differentiation of a spatial reference syster ^ 
s ORDER: m de- 

space and a spatial reference system 


i rpreted in 
The results were interpreted i 


fined with respect to one's own body, 


Since the time of Aubert (1860) the 
problem of the effects of body tilt on 
the perception of verticality and 
relation to the perception of the 
of tilt of one's own 
attacked frequently, 
tematic experiments utilizing a wide 
range of body tilts and assessing both 
apparent verticality and apparent 
body position by objective measure- 
ments have not as yet been conducted 
and are presented in this study. 


its 
degree 
body has been 
However, SV 


METHOD 


Apparatus.—The S was tilted in a heavy 
iron framework which was pivoted on a sup- 
porting frame so that it could be rotated 360°, 
Body and head of S were fully supported by 
adjustable boards, A luminescent rod, 1 m. 
long, 3 cm. wide, served as indicator of 
apparent verticality and apparent body 
position. The rod was pivoted on a support- 
ing frame so that it could be rotated 360°, 
The pivots of the Supporting frames of 


! This investigation was supported in part 
by Public Health Service 


Research Grant, 
MH-00348-13, from the National Institute 
of Mental Health, and conducted while the 


author was a North Atlantic Trea ty Organiza- 
tion Research Fellow at Clark University, 
It is part of a PhD dissertation, supervised by 
S. Wapner and H. Werner. This Work was 
done in part at the Computation Center at 
Massachusetts Institute of Technology, Cam- 
bridge, Massachusetts, 


apart and at the same Sager ats 
adjusted so that his center of g , 


rod was led, so that only the rc xl wi = 
to S. When the light was switche 
contours of the room were visible. | iit 

Subjects One hundred Ss, 99 bs 
female, w tested. ‘Their ages range 
16 to 26; the average age was 18 yr | under 

Test conditions,—Wach S was teste no [ 
20 conditions of body tilt: 90° Left, 80, p, 
70° 1, 60° L, 50° L, 40° L, 30° In 2 og, 
105 <0 40°, 10° Right, 20*R, Sont 
40° R, 50° R, 60° R, 70° R, 80° R, m i right 
The nine positions of body tilt to Eos tilt 
were systematically randomized. F®S ally 


^ 


. van equ? s 
to the right was then followed by t positions 
large tilt to the left. Two upright 1 is Wa" 


were used. One of these 0° pasto and = 
measured after a tilt to the left nC position 
represented as “+” 0°, the other wie a 
Was measured after a tilt to the right 95 s 


"09 CT /'o he 
is represented as “—" 0°, The raped! d 
tions were distributed randomly be T 
positions of tilt. t 


» 

The stimulus object was presented l seri 
adjustment method in the form stin D 
exploration, ii, Æ adjusted wn d 
object according to the order of S. Nr mo, 
instructed to tell E in which direction est I5 
the luminescent rod and where to arf dow”, 
that it looked (a) “straight up ar od j 
(vertical), and (b) "in line with “ud 
(coinciding in direction with .S's long 
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body axis). A test trial was given to ensure 
that S understood the instructions precisely. 
In each of the 20 body positions each S made 
two judgments on verticality and two judg- 
ments on body position. For the first judg- 
Ment the luminescent rod was started 40° to 
the right (clockwise) of objective vertical 
(objective body position), for the second 
Tudgment 10? to the left (counterclockwise) 
As viewed by N, Fifty Ss started with judg- 
j gents on apparent vertical, the remaining 50 
(28 With judgments on apparent body position. 
whe room was darkened during the time in 
ich S was tilted, made his judgments, and 
Was tilted back again. Between the tilts S 
Stood erect in the lighted room. The rod 
me exposed during the time of each of the 
eh judgments, Between the judgments the 
90m was completely dark. m 
obje Teasures, Deviations of apparent from 
jective vertical were measured with respect 
w the plumbline. Deviations of apparent 
Su, objective body position were niegan 
"Uh respect to the objective degree of tilt. 
we tui (CW) deviations, 25 viguit ne 
(CC designated as "4 counterclock wi 
, W ) deviations as ' 
teg aeni of data. 
ae ar statistical ani yim 
8 0 mate CA 
Vertical subjective equa? 
Point of 
as 


he raw data were 
is by computing 
> for apparent 
position. 1 he 
is determines 
is in 


wi 
the positio! a 
eared vertical 
the rod was 
tarted to 


Cs iti atment 

à right of objective positions. < prn 

eo analysis was applied to test t ie an al 
Ct of body tilt on appar a 
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Grant (19560 
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how the trend of deviation? o 
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is utilized to compare © 
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are on of the degree of tilt. +; 
© presented in Fig. 1. With upri£ 
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body position apparent vertical de- 
viated to the left (CCW) of objective 
vertical. With body tilt up to 10° 
right (CW) and left (CCW) there was 
a tendency to displace apparent from 
objective vertical in the direction of 
body tilt. With further increasing 
body tilt up to 50° right (CW) and 
40° left (CCW) this tendency reversed 
so that there was an increasing dis- 
placement of apparent from objective 
vertical opposite to the direction of 
body tilt. With further increasing 
body tilt up to 90? right (CW) and 
left (CCW) the tendency reversed a 
second time so that once again there 
was an increasing displacement of 
apparent from objective vertical in the 
direction of body tilt. The two rever- 
sals of the displacement tendencies 
were confirmed by the statistical trend 
analysis presented in Table 1. In 
addition to significant overall effects 
of body tilt the analysis showed for 
the trend of the total curve of devia- 
tions between 90° of body tilt to the 
left (CCW), through upright, to 90° 
of body tilt to the right (CW) signifi- 
cant quintic, cubic, and linear poly- 
nomial trend components, which char- 
erize the total curve as having four 
inflections. 

Apparent body position.—Increasi ng 
body tilt led to changing deviations of 
apparent from objective body posi- 
tions. These changes appeared as a 
nonlinear function of the degree of 
tilt. They are presented in Fig. 1. 
with upright body position the ap- 
parent body position deviated to the 
left (CCW). With body tilt up to 20° 
right (CW) and 10 left (CCW) there 
was a tendency to displace the ap- 

arent body position in the direction 
of body tilt. With further increasing 
tilt up to 30? right (CW) and 50° left 
(CCW) the tendency reversed so that 

an increasing displacement 
rent body position opposite 


acter 
significant 


there was 
of the app? 
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DEVIATIONS OF APPARENT FROM OBJECTIVE POSITIONS 


8 o—o—o VERTICAL | 
e—e—oe BODY 
e 
z 
i a 
z i 
> 
u 
! | 
© «59 
10 DIFFERENCES BETWEEN OBJECTIVE AND APPARENT ANGLE 
8 
e oe E——À— Jd áp a bcp or i ok icd 
-90° -60° 309 - 0% +30° «609 «909 Í 
cow BODY TILT cw we 
Fie: 1, 5 


iai "TM " bject 
Deviations of apparent from objective vertical and of apparent from ©! ao 


tive 
body position under body tilt (upper part) and differences between apparent and 05. 
angle of tilt (apparent angle always larger than objective angle) (lower part). 
TABLE 1 
Errects or Bopy TILT ON APPARENT VERTICAL AND APPARENT Bopy PostT1ON 
Vertical ` Body Position 
Source of Variation df : Po — 
MS pF MS M— 
Subjects (S) 99 42.6 989 | gg" 
Treatments (T) 19 2,414.4 VP aiii 6,628.9 
RS 1,881 30.8 69.7 2t 
Polynomial trend components 921.0 
Linear 1 17,462.2 67.6*** | 116,408.1 | ^93 , 
Quadratic 1 1.6 0.0 264.9 20.2” 
Cubic. 1 26,332.9 | 362.0*** 3,547.7 | 14 a 
Quartic 1 53.1 2.9 260.3 62.0* 
Quintic 1 1,267.9 | 39.0*** 3,738.6 
Error terms for polynomials 
Linear 99 257.8 526.7 
Quadratic 99 29.9 41.9 
Cubic 99 72.7 175.4 . 
Quartic 99 18.4 35.0 
Quintic 99 32.5 60.3 . 
Total 1,999 54.1 133.5 


> < 001. 


to the direction. of body tilt. With 
further increasing body tilt up to 90? 
right (CW) and left (CCW) the 
tendency reversed a second ‘time so 
that once again there was an increas- 
ing displacement of the apparent body 
Position in the direction of body tilt. 
Che two reversals of the displacement 
. tendencies were confirmed by the 
Statistical trend analysis presented in 
Table 1, In addition to significant 
Overall effects of body tilt the analysis 
showed for the trend of the total curve 
of deviations between 90° of body tilt 
to the left (CCW), through upright, 
to 90° of body tilt to the right (CW) 
Significant quintic, cubic, and linear 
Polynomial trend components, which 
characterize the total curve as having 
Our significant inflections. . 
Relation between apparent vertical 
and apparent body position.—There 
Were similarities and differences in fus 
Ceviations of apparent from objective 
. Positions of apparent vertical as S 
.. Pared to apparent body position as the 
JOdy was tilted increasingly: The 
'Mportant similarity pertains to the 
reversal of the tendency of displace- 
Ment for both, apparent vertical and 
“Pparent body position. Dies 
mien in the direction of body ie 
oversed to displacement opposite : 
the direction of tilt and reverse @ 
Second time to displacement 1n the 
tection of tilt, Accordingly the 
Stal curves of deviations for both 
Vertical qe sition show four 
inflect: and body position $ nificant 
qui tions as confirmed by sig onénts: 
Th atic polynomial trend comp iations 
of < difference between the oor to 
app; PParent vertical as conta the 
d arent body position pertains 


opeče of displacement as 2 e 
ose" degree of body tilt. ‘pody 
o "Cons of tilt the apparent ion 
| or rags deviated more in the er ; 
ilt ; ý vertices 

than did the apparent tilt did 


fy 
r 
thermore, increasing body 
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not lead to entirely identical quantita- 
tive changes in the degree of devia- 
tion. This resulted in differences in 
details of shape of the two curves. 
The curve representing the deviations 
of apparent from objective vertical ap- 
pears as an S shaped curve with two 
additional minor inflections, whereas 
the deviations of apparent from ob- 
jective body position fit a sloping 
curve with four inflections. These 
differences are confirmed statistically. 
Table 2 shows a significant Treatment 
(tilt) X Task (vertical vs. body) inter- 
action and indicates significant dif- 
ferences for linear (slope) and cubic 
(S shape) polynomial trend compon- 
ents for the two curves, 

Another way of expressing the rela- 
tion between apparent vertical and 
apparent body position is in terms of 
the angle between their positions, 
which will be termed “apparent 
angle." Increasing body tilt led to 
nonlincar changes in the relation be- 
tween apparent and objective angle of 
tilt, which are presented in the lower 
part of Fig. 1. The apparent angle 
was for all positions of body tilt 
larger than the objective angle. Fur- 
ther, with increasing body tilt up to 
50? right (CW) and 40? left (CCW) 
there was an increase of the apparent 
angle which reversed to a decrease 
with body tilt increasing beyond 50°. 


DISCUSSION 
There are three main findings: (a) The 
absolute values of the deviations of 


parent from objective positions of 
d 1 and longitudinal body axis were 


Suey small and oscillated around 
i objective positions; (b) the positions 


i longi- 
arent vertical and apparent g 
s a beste axis changed as a non- 
Deed function of the degree of 


f intic) 
linear (qui and (c) the apparent angles 


S poss apparent vertical and 
Mt body position) between the 
appar 
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EXBLE 2 


SIGNIFICANCE OF 


DIFFERENCES BEIWEEN DEVIATIONS OF 


APVARE NL 


VERTICAL vs. Bopy Positos 


Source of Variation df 
Between Ss 199 
Between tasks (vertical vs. body; 1 
Error between 198 
Within Ss | 3,800 
Between treatments (tilt) 19 
Polynomial trend components 
Linear 1 
Quadratic 1 
Cubic 1 
Quartic 1 
Quintic 1 
Treatments X Task 19 
Polynomial trend components 
Linear 1 
Quadratic 1 
Cubic 1 
Quartic 1 
Quintic 1 
Error within 3,702 
Linear 198 
Quadratic 198 
Cubic 198 
Quartic 198 
Quintic 198 
‘Total 3,999 


4,435.4 
1478.7 


ee 


20,991.5 
210644 
5,931.8 
35.2 
3 

1 

) 

1 


240.. 
Sh. 

397. 
30.4 

113.0 
20.3 
49.8 
94.2 


*** pb < 001. 


vertical and the longitudinal body axis 
were always larger than the objective 
angles and changed with increasing body 
tilt, such that the apparent angle was 
minimal with body erect, increased to a 
maximum at 40?-50? tilt, and decreased 
with further body tilt. 

The S was obviously able to locate a 
stimulus object with respect to two 
spatial reference systems: (a) the refer 
ence system of external space, as evi- 
denced by use of the luminescent rod 
indicating the position of one of its main 
coordinates, the vertical; (b) the refer- 
ence system of one's own body, as evi- 
denced by use of the luminescent rod 
indicating the position of one of its main 
coordinates, the longitudinal body axis. 

In keeping with “sensory-tonic field 
theory of perception" as developed by 
Werner and Wapner (1949, 1952, 1956; 
Wapner & Werner, 1957) it is assumed 
thata perceptual property corresponds to 


ganismlc 


à particular relation between ¢ auli 


state (psychophysiological) and en ; 
issuing from an object (psy chophysic? 
this proposition applies to the re x ody 
systems of external space as well as 1 
space. Variations of body tilt IE i 
changes of the organismic state, Y eua 
pertain to changes of the avs 
i.e 


two spatial reference systems. 
tions of these coordinates chan ange 
tematically with body tilt: with c^ / 
from erect to small and medium arent 
tilts (60°) the position of app“ the 
vertical is increasingly opposite rom 
direction of body tilt; with change ap 
erect to small body tilts (20°) hs d in 
parent body position is increasing 

the direction of body tilt followed 
relatively little change until . 
tilt; with larger angles of body wo 
yond 60?) there is an increase in $ 
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both coordinate systems in the direction 
of body tilt. The interplay of these 
seemingly opposite reaction tendencies 
(in the direction of tilt vs. opposite the 
direction of tilt) may be interpreted in 
terms of a dynamic organization of the 
two spatial reference systems in terms of 
polar organismic tendencies to “go with 
the stimulation or “counteract” it. (For 
a more extensive discussion of this 
interpretation see Bauermeister, 1962.) 
The distinctiveness between spatial 
reference systems defined with respect to 
external space and defined with respect 
to one’s own body may be regarded as the 
Outcome of a developmental process © 
differentiation between the tw? The 
angle between the positions of the main 
Coordinates of each of the two, systems 
May be considered as an indicator of 
the degree to which the two spatial 
reference systems have become differ- 
Cntiated ( McFarland, Clarkson, 
Vapner, & Werner, 1961), which mirrors 
the degree of articulation between organ- 
ism and environment. The theoretical 
Significance of the relation between i 
degree of differentiation of the tw ior e 
Mog Systems depending 0n the degree | 
ody tilt is more comprehensively dis- 
Cussed elsewhere (Bauermeister, 1962). 
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DECAY OF PRISM AIF TIRIZEFIECTS ! 


CHARLES R. HAMILTON asp JOSEPH BOSSOM ? 


California Institute of Technology 


; We-viewitaethetrcbands 
8 Ss practiced reaching movements for 15 min. while po et o 
through laterally oriented 20-diopter wedge prisms, _ Fol aes En 
tion, Ss sat quietly in the dark for an additional 15 € I OUS 
prism adaptation was found to be significantly d p retis 
This result indicates that under these conditions the normal v wr en 
coordinations are not lost and replaced by an equivalent ast 9 Mp 
altered ones, as suggested by previous work, but are in fact epe gm 
reinstated following prism removal in the absence of any visual feedback. 


When wedge prisms, with their 


-em-altered 
fact the normal and prism-al 


bases oriented left or right, are placed 

efore the eyes of human Ss, the 
immediate effect is à lateral deflection 
of the visual field in the direction of 
the prism's apex, with consequent 
errors of localizing and aiming re- 
sponses. As shown by many in- 
vestigators, these prism-induced errors 
became quickly corrected with the 
practice of visually guided movements 
(Smith & Smith, 1962). After one 
has adapted to prisms, their removal 
leads to similar errors in the opposite 
direction, called aftereffects. These 
aftereffects in turn undergo rapid 
correction and normal coordination is 
restored. It has often been proposed 
that adaptation to prisms reflects the 
Same processes used in the establish- 
ment or maintenance of normal visu- 
omotor integration, and that therefore 
there is no basic difference between 
normal and prism-altered coordina- 
tions (Held & Bossom, 1961; Kohler, 
1951; Snyder & Pronko, 1952). Ifin 
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coordinations do represent alternan 
states of the same system, De 
would be expected that the “he 
conditions would be required for fter 
return of normal ux for 
prism adaptation as are d 
the establishment of prism-a 
ones, TU 
In recent work on human Ss it ar 
been shown that self-produced ee 
ment and the entailed visual sage 
termed reafference after von lap- 
(1954), are necessary for prism €: 
tation (Held, 1961). In the cael 
experiment the necessity of VIS o 
reafferent stimulation for the return m 
normal coordination following priS 
adaptation is investigated. 


METHOD 


The apparatus used for adapting Held 
ing 5 is similar to one described by josie i 
Gottlieb. (1958); the procedure emp o iton 
presented in more detail elsewhere (Ha move” 
1964). Briefly, S adapted his reaching r 
ments to a laterally displaced visual atching 
moving his arm for 15 min, while W ris 
this motion through 20-diopter BOSE. 
The tests measured accuracy of reach eril 
the virtual image of a target Without Pod 
and without visual feedback of the move ap 
The difference between the pre- and pos after" 
tation tests gave the magnitude of the 


effect. was 


ting 


148 


| 


DECAY OF PRISM EFFECTS 


r ada : 
estore normal coordination; S moved his 


hand back and forth for 15 min. while watch- 
ing the movement without the prisms in the 
apparatus, In the "nonreafferent condition" 
Visual feedback was completely absent; S sat 
quietly in the dark for 15 min. At the end of 
each of these periods the aftereffect was again 

determined, 
si Eight young adults were randomly as- 
Signed in the following way for testing. Four 
S viewed the preferred and four the non- 
poe hand during adaptation. Half of 
Condi group was run on the nonreafferen 
the, ition first while the other half began W ith 
res reafferent condition. ‘The aftereffect was 
testa Dlished and the second condition Wa 
ie at least 3 days after the first. All Ss 
a right-hand preference and all were 


Idabted with the bases of the prisms to S's 


RESULTS 
ductions in the after- 


ef i 
p errors found after 15 min. of 
Ormal reafferent exposure and after 

min. in the dark are presented in 


Able 1, All values in this table are 
i 1n. 


eue in tenths of an inch; 11 
,Qualed approximately NR These 
alues are the means of the individual 
‘ferences between the magnitudes of 

est aftereffects before and after the 
conditions. Both the decrease o 

e k aftereffect with the reafferent 
qo dition, z (7) = 3.59 P < .005, and 
a decrease with the nonreafferent 
9ndition, t(7) = 4.15, P E IRE. 

ituation 


I he average re 


S Bnificantly greater than zer 
tereffect decrease for the S! 
Sed visual feedback ! 
Condo. greater than that fo 
ES ww in this experimen : 
16, 5 <.2, The average. 
ot alore a didi 10.7 units for 
group. 


r the dark 
nt, £ (1 ) 


Discussion 


ony? Ss lose the prism aten 
Ne When they can view 
7 ments, as expected, 
Y sit quietly in the dark, 
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TABLE 1 


DECREASE IN AFTEREFFECTS WITH AND 


WITHOUT VISUAL REAFFERENCE 

Cond. | N | Ma sp 
Reafferent 8 8.6 6.8 
Nonreatferent 8 54 3.7 


a Values reported in .1-in. units. 


inferred that visual reafferent stimula- 
is not necessary for the return to 
normal visuomotor coordination follow- 
ing prism adaptation. A similar decay 
has been observed incidentally in the 
course of other experiments dealing with 
intermanual transfer of prism after- 
effects, where instead of sitting in the 
dark S was actively engaged in adapting 
his other hand to the same prism dis- 
placement (Hamilton, 1964). In this 
case the aftereffects of the hand first 
exposed decayed even while the second 
was being adapted. These data are also 
t with a previous observation 
n monkeys in which a rather 
ent in the magnitude of the 
aftereffects occurred following prism 
removal even though there was little 
opportunity for visually guided move- 
ment (Bossom & Hamilton, 1963). 
These decay experiments show that 
loss of prism aftereffects is not exactly 
equivalent to elimination of prism- 
induced errors and brings into question 
the earlier assumption that there are no 
basic differences in the neural processes 
underlying normal and prism-altered 
coordinations. Additional experiments 
would be desirable to determine whether 
this decay reflects (a) a superiority, due 
to greater practice, of the old coordina- 
tion over the newly established ones, 
(p) the operation of innate mechanisms 
t favor normal visuomotor coordina- 
(c) the ability of tactile or 
tive reafference, which was not 
rolled in this experiment, 
1 coordination follow- 


tion 


consisten 
on split-brai 
rapid decrem 


tha 
tion, oF 
riocep 
fically cont 
te norma 


daptation. 


prop 


speci 
to reinsta 


ing prism a 
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ASSOCIATION BY CONTIGUITY 1 


NORMAN E. 


Northweste 


spe designed to 


3 experiments We 
In 


associations. 
sociate 
riment 1 revealed 


ing verbal 
ing of a paired- 
Expe 
iate and 
Heavy stimulus Se 
mu demonstrated th: 


trigram). 
with apprepr 
components. 


SPEAR? BRUCE R. EKSTRAND, 


study the role 
periment l 
list whic! 


inappropriate pairing of the 
Jection was also apparent. 
at 


axp BENTON J. UNDERWOOD 
rn University 


of contiguity in establish- 
test followed learn- 
h had compound stimuli (word and 
positive and negative transfer effects 
original stimulus 
Experi- 
a discrimination 
ions require 


a transfer 


a pair of items in 


ments Hanc i T 3 

task acquire 2 bidir ional assoc! tion although instruct 

only that they be discriminated. The data of all 3 experiments support 
Y * rance of 2 verbal units will result 


that cont iguou 


the proposition 
associa 


in the dev elopment of an 
other associations. 


d here were 


Phe experiments reporte t 
following 


designed to help answer the 10! 
question; If two verbal units are 
Presented together, will an tion 
develop between them even though 5 
'S not instructed to learn an associa- 
tion between them? Obviously, this 
question asks about the validity and 
fundamentality of the classical PAN 
Ciple of association by contiguity: 
Modern work in verbal learning has, 
generally speaking, paid little atten- 
tion to the mechanisms by which new 
associations are formed. ‘The £en 
troversy between one-tris incre- 
mental learning İS concerned only 
With the characteris [ product 
ot the mechanisms 9 jot 
With the mechanisn 
s said that an 
aha between t 
PY mediation through 
Previously associated W 
We beg the question 
associations became esta blis 
first place. 

If at sometime i" 


associa 


vs. 


such. 


is as 


is 


a 


ith eac 


"s This work was supported 

task Nonr-1228 (15), 

dy Hiro Northwester? 
: ffice of Naval Researc n. 
Now at Rutgers University- 


roje 
1 Unt 


s appe 
tion between them while 


S is learning 


ost some of its appeal as 
an explanatory mechanism, there is 
scattered evidence that it is regain- 
Some examples: Spence 
vely suggested that 
instrumental reward learning may be 
based solely on contiguity. Within 
the context of classical conditioning of 
cats, Brogden (1962) has recently 
concluded that *. contiguity is a 
sufficient condition of learning Lp. 
1741" Astudy of Osgood and Ander- 
(1957 could be interpreted as 

t merely presenting two 

ther results in the 
some associative con- 
nection between them. Indeed, one 
might interpret incidental verbal 
learning vt contiguity principle. 
1Iowever, most incidental learning 
studies have been based on acquisition 
ol individual verbal units and it is 
difficult to identify the specific asso- 
linkages. In the present 
studies a form of incidental learning is 
used, but the analysis is made of the 
tive connections between pairs 


tiguity had | 


ing status. 
(1956) has tentati 


verb: 
develop! 


ciative 


associa 
of verbal units. 

Two situations were used to assess 
the role of contiguity. In Exp. | 
two verbal units were used as a com- 
pound for each stimulus in a paired- 
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associate list. Following learning of 
this list, S was given a second paired- 
associate list in which one of the 
elements of the compound was paired 
with the other. If an association 
develops as a result of the consistent 
contiguity of the two elements in the 
compound stimulus in the first list, 
positive transfer should result in 
learning the second paired-associate 
list. In Exp. IL and III the contiguity 
was produced by verbal-discrimina- 
tion learning in which pairs of items 
were presented, with S instructed to 
learn which member of each pair was 
the correct one. Subsequently, the 
pairs were used as stimulus and 
response terms in a paired-associate 
list. The learning of this latter list 
should be facilitated if an association 
developed between the two units 
during verbal-discrimination learning. 
This technique has been used by 
Battig, Williams, and Williams (1962) 
who reported no positive effect, a fact 
which will require later discussion. 


EXPERIMENT I 


In a recent study each compound 
stimulus in a paired-associate list 
consisted of a low-meaningful trigram 
and a frame of colored paper (Under- 
wood, Ham, & Ekstrand, 1962). 
'Transfer tests were given in which 
either the colored frames or the tri- 
grams were used alone as stimuli in a 
second list in which the response 
terms were the same as in the first list 
and paired appropriately. Transfer 
was essentially 100% for the colored 
frames. For the trigrams, only a 
small amount of positive transfer was 
observed. The latter finding could 
result from a direct association be- 
tween the trigram and the response 
term developed during first-list learn- 
ing, or it could be due to mediation. 


. 
Thus, if an association developed be- 
tween the trigram and the color, the 
correct response on transfer tests 
could be mediated from trigram to 
color to response term, since the latter 
association. is known to be strong. 
'The critical question for the mediation 
interpretation is whether or not an 
association does develop between the 
clements of a stimulus compound, 
and to obtain data bearing on this 
question was the major purpose of 


Exp. I. 


Method 

General procedure ‘Vhe experiment had 
four conditions. Two of these were usec 
merely to verify the results of the previous 
experiment, since three-letter words um 
been substituted for the color frames. n 
two groups learned an initial list of eigh 
pairs with each compound stimulus consire 
of a trigram and a word. On the transfer r 
Group W had only the words as ET 
Group T had only the trigrams as guns 
On the basis of previous results, Group B 
would be expected to show essentially 100 40 
transfer to the second list, and Group T to 
show low but significant positive transfer. 

Group T-W, after learning the first 
with the compound stimuli, was presentec 
a list in which the trigrams were stimulus 
terms and the words were response terms. 
The pairings were appropriate; that is, the 
trigram and word which had appeared to- 
gether as the compound stimulus in the first 
list were paired. If an association had de- 
veloped between these two units, positive 
transfer would be expected in the learning o 
the second list. Group T-Wr also was give? 
a second list in which the trigrams were 
stimuli and the words response terms, but the 
pairings were not appropriate, i.e., trigrams 
and words which had occurred together as 
the compound in the first list were not paire 
in the transfer list. If an association ba 
developed between the two units of the 
compound stimulus in the first list, this x 
pairing in the second list should produre 
negative transfer. Thus, if the perfortan 
of Group T-W on the second list is better t s 
the performance of Group T-Wr, it may d 
taken as evidence that an association p 
developed between the two elements © t 
compound in learning the first list. 


list 
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lui All four groups of Ss 
arned exactly the same first list consisting 
of compound stimuli and si :le-digit numbers 
The eight items were as 
7 xor-6; DSU, pov-9; 

RZL, sEA-8; CFY, 


Detailed. procedure. 


as response terms. 
follows: 1GW, CAT- 
TPM, DIE-3; OVJ, LEGO. 
His-4; KHQ, R >. ‘The trigrams were of low 
interletter association value (Underwood N 
Schulz, 1960), and the words all have AA 
frequency ratings in "'horndike-Lorge (1944) 
except cat, which has an rating. — I" 
presenting the list, the two components of the 
stimulus were presented one above the other. 
There were four orders of the eight items; for 
each compound, the word appeared above 
the trigram on two orders, with the reverse 
Positions for the other two orders. On any 
given order the trigrams were above the 
words for four pairs and below for the other 
four. pairs. Anticipation learning Wi usec 
throughout with the memory drum set at à 
2:2-sec, rate. 
PEL. usual paired- 
fully ions were given. 
MY informed concerning 
stimulus terms: He Was further informec 
that both the word and trigram would appear 
Together consistently from trial to trial. ‘The 
Intent of the instructions was to inform 5 
completely concerning the nature of the task 
Without biasing him toward "using" one OF the 
other stimulus components 25 the functiona 
Stimulus. Learning was carried to one perlec 
recitation of the pairs- 
ia eee 60 sec. ? 
st list, the second oF 
Presented. Again, SS were fully 
prends the nature í 
eee T and W were mse 
ti y correct responses or 
fn S possible, The Ss of G 
tal were given one * 
F er list before anticip® 1 be second list 
or all groups the learning © the s¢ 
Proceeded for 10 trials. 
Tenes of the four com i 
oe, group © 24 pe 
ee consisted of 24 blocks 9 
Mon. oe condition being 
of th pe and each bloc 
can suni x^ ir 
anged. h : 
Mr ordered and E: vere -ra to 
NE in order of their appen t for any 
re ratory. When an vas los 
ason he was replaced 


associate learning in- 
In addition, S was 
the nature of the 


ditions conta 
The sche ule 


4 conditions 
resented in 


Results and Discussion 
Aii fes gue aded 
from 10.42 to 12.83 (Fs gue 
42 2.85, = .91). It 
may be concluded that the four groups 
did not differ in learning ability. » 
Cue selection —Group W had only 
the words as stimuli on the transfer 
list; Group T had only the trigrams. 
A comparison of the learning of these 
two groups on the transfer task will 
determine whether cue selection had 
occurred as was true in the previous 
study. On the first trial Group W 
had a mean of 6.88 correct responses, 
Group T had a mean of 1.92. Need- 
less to say, the difference between 
these means is highly significant 
(t = 8.96). In the previous experi- 
ment (Underwood et al, 1962), a 
control group was used. The Ss in 
this group were given further trials on 
the first list after having reached a 
criterion of one perfect recitation on 
the seven-pair list. On the trial fol- 
lowing the achievement of the criter- 
ion the performance of this group fell 
from 7 items correct to 5.5 items 
correct. In the present study Group 
W fell from 8 items correct to 6.88. 
The percentage drop is roughly equiv- 
alent for the two groups, indicating 
that for the present Group W the 
omission of the trigrams from the 
stimulus compound had little if any 
decremental effect on continued per- 
formance. This is to say that the 


words were completely effective as 


stimuli. 

Group W maintained a high level of 
performance throughout the 10 trans- 
fer trials; Group T showed a slightly 
negatively accelerated learning curve 
but at the end of 10 trials was still 
below Group W. Group W gave a 
mean of 75.75 total correct responses 
on the 10 trials, Group T a mean of 
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52.08. The difference gives a £ of 
7.43. It is evident, therefore, that 


there was heavy selection of the words 
as functional stimuli in learning the 
first list. Yet, the fact remains that 
on the first presentation of the 
transfer list 1.92 items of the trigram- 
number pairs were given correctly by 
Ss of Group T. Of the 24 Ss, 10 got 
no items correct but 14 got one or 
more correct, with 1 .S getting all 
items correct. On this first trial, a 
total of 192 responses was possible. 
A total of 52 errors (misplaced re- 
sponses) occurred and 46 correct re- 
sponses, or a mean of 4.08 responses of 
any kind. By chance (or guessing), 
therefore, roughly .5 items (out of the 
8 possible) may have been given cor- 
rectly. However, subtracting .5 from 
the 1.92 correct responses actually 
given leaves 1.42, which differs signifi- 
cantly from zero (1.42 + .49; £ = 2.90). 
It is concluded that first-list learning 
positively influenced the learning of 
the trigram-number pairs in the 
second list. 

.lssociation between stimulus com- 
ponents.—If, as a result of first-list 
learning, associations developed be- 
tween the two elements of the stimulus 
compounds, Group T-\W, having tri- 
grams as stimuli and words as rc- 
sponses for second-list learning, should 
show a positive effect. Group T-Wr, 
having the trigrams and words ran- 
domly paired, should show a negative 
effect. Since no neutral control group 
was used, the prediction is only that 
the performance on the transfer list 
should be better for Group T-W than 
for Group T-Wr. On the first 
anticipation trial of the transfer list, 
Group T-W gave a mean of 3.21 
correct responses, Group T-Wr a 
mean of 2.00. The difference (1.21 
+ .49) produces a £ (df=46) of 2.47, 
which falls at about the 2% signifi- 
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cance level. However, on. total Cor- 
rect responses over the 10 trials the 
means are almost identical for the 
two groups. 

The above facts, while not con- 
tradicting the notion that an associa- 
tion developed between the elements 
of the compound stimulus during 
learning of the first, certainly do not 
offer impressive evidence in support of 
the notion. ‘This finding was espe- 
cially puzzling in view of the error 
data. If an association does develop 
between the two members of the 
compound, interference should be 
present in learning the transfer list 
for Group T-Wr. Furthermore, this 
interference should be manifest in the 
errors, since it would be expected that 
the trigrams would elicit the words 
with which they had appeared in the 
compound stimulus of the first list. 
These responses, of course, are incor- 
rect for the transfer list. Group 1 -Wr 
made a total of 165 overt errors 10 
learning the transfer list of which 54 
(33%) were “good” errors in the sense 
that they were words given to the 
trigram with which they had bee? 
paired in the first list. As will be more 
fully described shortly, a control 
group of 24 Ss, not having learned the 
first list, learned the same transfer 
list as Group T-Wr. The errors made 
by these Ss were scored in exactly the 
same manner as were the errors is 
Group T-Wr. This produced 16 0 
“appropriate” errors. The proportion 
of such errors for cach S was deter 
mined for both the control Ss anc 
those in Group T-Wr. Following a 
are-sine transformation, the / wa? 
2.36, significant at about the e 
significance level. Thus, the Error 
data for Group T-Wr strongly supp? 
the notion that an association y 
developed between the two stimu u 
elements during first-list learning- 
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The discrepancy between the error 
measure and the correct-response 
measure suggested the possibility that 
the two transfer lists differed in 
difficulty, Both lists consisted of the 
same stimulus and response terms, 
but the random pairing of the items 
for Group v-Wr may have resulted in 
more easily asso- 


pairs which were ^ 
for Group 


ciated than were the pairs 


T-W. To evaluate this possibility, 
two new aroaps of 24 38 wer” used, 
pe igned the r-w 


one group being assii 

list, "Ue peer p TANE list. Of 
course, these Ss were not given the 
first list; they simply learned. the 
transfer lists for 10 trials. 

On the first anticipation trial the 
mean number correct 0? the 1 -W list 
Was 1.58; on the TW list, 2.71. The 
mean difference (1.1 gives à 
t of 3.34 indicating greater 
difficulty al the TW list. Bootie’ 
Way to evaluate this is DY i 
analysis of variance 
entries are the number corre 
first anticipation trial 
lists as one variable 
experimental group ast : 
Seen d d F for interaction 
of 15.27, significant far 
1% level, It seems therel¢ abd 
U-Wr list was an intrinsically E 
list to learn than was the T-W ims 
Phe fact that Group T7 initial 
Superior to Group p-Wr on the 
transfer trials of the mam 
in spite of the fact that 
more difficult, gives supp? J 
Original presumption that an 
tion developed between 
p the stimulus € 
first-list learning. 
Positive transfer observet 
could be due to mediation 
Sram to word to number- 
While the evidence may 
indicate that an * 


established between the two stimulus 
elements, this does not necessarily 
mean that the positive transfer in 
Group T occurred by the mediation 
noted above; the possibility of a direct 
association between the trigram and 
number has not been ruled out. This 
is to say that while a direct association 
between the two elements of the com- 
pound may have been developed by 
contiguity, it does not mean that the 
transfer observed in Group T was due 
to this; it may be due to a direct 
association between the trigram and 
number. Also, it is apparent that the 
associations which may have devel- 
oped by contiguity were few, weak, 
or both. Finally, it should be noted 
that it is possible that evidence taken 
here to indicate learning by contiguity 
could be due to mediation. lf a 
direct association had been established 
between the trigram and number dur- 
ing first-list learning, the transfer 
effects could have been produced by 
associations running from the trigram 
to number to word, the latter being a 
backward association. Although a 
subsequent study (not to be reported) 
made this seem unlikely, it could not 
be ruled out entirely. Therefore, 
Exp. H and III were performed in an 
effort to minimize mediation pos- 
sibilities. 


EXPERIMENT 11 


In verbal-discrimination learning, 
pairs of verbal units are presented to 
S. The task for S is to learn which 
unit of each pair is correct (as 
arbitrarily determined by E). In 
learning this task, both units in a pair 
are spatially and temporally con- 
tiguous On each presentation. Does 
an association develop between these 
two units? Ii so, subsequent pair- 
ing of them in a paired-associate 
list should produce positive transfer. 
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Likewise, pairing the units inappro- 
priately on a subsequent paired- 
associate list should result in negative 
transfer. 


Method 


Lísts.—Only two groups of Ss were used, 
For one, the paired-associate list (PA list) 
had appropriate pairings (Group A), for the 
other, inappropriate (Group 1). Both groups 
learned the same PA list; hence, appropriate 
and inappropriate pairings were determined 
by the pairings in the verbal-discrimination 
list (VD list). The units were low-frequency, 
three- and four-letter words. Low-frequency 
words were used to minimize pre-experimental 
interitem associat among the 
words. The 12 p. n the PA list were as 
follows: ^ BAIL-FIF RIG-JOT, DIS 
GENT-HUR, JOLT, JAB-TING, F 
HALO-CARP, TAB-MUG, CAM-BOOR, MOOT-GLUT 
LEER-KILT, 

For Group A the VD list had the same 
pairings as above; thus, items paired in the 
VD list subsequently became items to be 
ssociated in the PA list. For Group I, the 
pairings in the VD list were inappropriate; 
for example, BAIL was paired with JOT, RIG 
with FIFE, and so on, 

One unit of each pair was correct in VD 
learning, the other incorrect. Half the units 
which were correct in the VD list became 
response terms in the PA list, and the other 
half became stimulus terms. This is subse- 
quently spoken of as a mixed list with regard 
to the correct-incorrect dichotomy. How- 
ever, it is not a mixed list with regard to 
appropriate or inappropriate pairings in the 
PA list. That is, for Group A, all pairings 
were appropriate; for Group I, all pairings 
were inappropriate. 

Procedure.—kFour. different orders of the 
pairs were used in presenting the VD list. 
The rate was 2:2 sec. During the first 2-sec. 
interval, the two units appeared together, one 
above the other, and S was to say aloud the 
correct member of the pair. During the final 
2 sec., the correct member of the pair was 
shown alone. The Ss guessed on the first 
presentation of the pairs. One unit occurred 
above the other on two of the four orders, and 
below the other on the other two, but this was 
nonsystematic across pairs. 

The PA list also consisted of four different 
orders, and was also presented at a 2:2-sec, 
rate. The learning of the VD list was carried 
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to Uwe successive perfect recitations CN was 
concerning the riterion), the 
learning of the P.A list ter 10 anticipation 
trials. However, before PA learning, 35 In 
Group A were told that the two items vet 
paired as they had been in the V D list, an 
were asked to give any responses Sh cou 
on the first presentation of the list. L E 
in Group I were told that the words were | n 
same as they had seen in the vn list horaron 
not paired as they had been in the N p <a 
These Ss were instructed not to eure 
responses until after they had seen the lis 


instructed 


once. 
There were 20 Ss in each group. ^ 
iti . ^ w 
blocks of two conditions cac h a and ; ; du 
with the order within cach b m 
A-D, being determined random y. 
y : | le in order 


Twenty 
ere 
made up, 
(I-A, or 
The Ss were assigned to the schedu 
of appearance at the laboratory. 


Results and Discussion 

The VD list was learned rapidiy 
Group A required a mean of aA 
trials, Group I, 6.35 trials. . e 
values include the guessing trial anc 
the two criterial trials. The difference 
between these two means is far from 
significant (¢ = 1.10). i 

The acquisition of the PA list ove! 
the 10 trials is shown in Fig. 1. It 1s 
apparent that Group A is superior 
to Group I. Across the 10 trials the 
mean total correct is 85.05 for Group 
A, and 59.80 for Group I. T 
difference (25.25 + 6.12) gives a t O 
4.13. It will be remembered that 59 
in Group A were asked to give pid 
correct response they could on 7h 
first presentation of the PA list. ie 
mean number correct was pum 
sponses. Of the 20 Ss, only 3 fai x 
to give a correct response; 2 Ss ga it 
seven correct responses. “T hus, i 
would appear as if an association ne 
developed between some of the pa! 
in VD learning. However, when 2? 
PA trials are considered, the learning 
of all pairs was not facilitated. For 
of the 12 pairs, a very marke 
superiority is present for Ss in GrouP 
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not account for the differences be- 
tween the two groups in PA learning. 
However, in view of the fact that 
Battig et al. (1962) had failed to find 
facilitation in going from a VD list 
to a PA list, further work seemed 
indicated. 


EXPERIMENT IIT 
Method 


There were seven groups of 15 Ss each. 
All groups learned the same PA list following 
VD learning. The PA list was the same one 
as used in Exp. Il. Groups A and I were 
given conditions identical to those given the 
two groups in Exp. Il. That is, following 
VD learning, six of the units which had been 
correct in VD learning became stimulus terms 
in PA learning, and six became response 
terms. In contrast, the four additional 
experimental groups described below had 
unmixed lists; that is, all the correct units in 
VD learning became stimulus terms or all 
became response terms. 

Group A-S: Pairings in the PA list were 
appropriate; all units which were correct in 
VD learning became stimulus terms in the 
PA list. 

Group A-R: Pairings were appropriate, but 
all units which were correct in VD learning 
became response terms in the PA list. 

Group l-8: Same as Group A-S except 
pairings were inappropriate. 

Group I-R: Same as Group A-R except 
pairings were inappropriate. 

Group C: Control group which learned a 
VD list consisting of 12 pairs, none of which 
appeared in the PA list. The 12 pairs in the 
VD list had the same characteristics as those 
given Ss in the other groups. 

One change was made in presenting the 
VD list. After presenting the two units for 
2 sec., during which time S was to make his 
choice between the two, , both units were 
again presented for 2 sec. immediately, with 
the correct unit underlined. It was believed 
that this might make the learning somewhat 
more difficult, although in fact there is no 
evidence that it did. 

All other details were the same as in Exp. 
I. A schedule was constructed of 15 blocks 
with each condition occurring once within 
each block, but with the order of the seven 
conditions being random within each block, 
The Ss were assigned to the schedule in order 
of their appearance at the laboratory. 
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VD learning —The groups did not 
differ in rate of learning the VD lists. 
The seven means ranged from 5.47 to 
7.80 trials, but the F (1.75) was far 
from significant. Assuming that the 
groups of Ss did not differ in learning 
ability, the insignificant F may be 
taken to indicate that the seven 
different lists used did not differ in 
difficulty. 

PA list learning.—Vhe mean total 
correct responses given on the 10 
trials of PA learning for each group 
are shown in Table 1. It should be 
noted that the means for all three A 
groups are greater than the mean for 
the C group, and that the means for 
all three I groups are lower than the 
mean for the C group. Thus, in- 
appropriate pairing produced negative 
transfer, appropriate pairing, positive 
transfer. 

The performance of the three A 
groups did not differ appreciably 
(F = .65), and the performance of the 
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Fic. 2. Learning on transfer trials in Exp. 
III as a function of appropriate and in- 
appropriate pairings as compared 
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control group. 
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TABLE 1 


Meas Toran Coggrcr os 10 TRIALS ON THE 
Paikrp-Mssocia tr List ix Exp, HI 


13.51 
| 19.02 
24.58 


three I groups also did not differ 
(F = .53). Thus, whether the correct 
responses in VD learning all become 
stimulus terms in PA learning, all 
become response terms in PA learning, 
or half and half, does not influence 
learning in either the A or I groups. 
The three A groups were combined 
to give the upper curve in Fig. 2, and 
the three I groups were combined to 
give the lower curve. The overall 
means for the A groups (87.22) anc 
for the I groups (59.60), are very 
nearly identical with the means ob- 
tained in Exp. II (85.05 and 59.80 
respectively). Analysis of variance 
for the C group and the combined A 
and I groups gives an F of 22.52: 
which is significant far beyond the 1°% 
level. The ¢ between the C grouP 
mean and I group mean is 2.13, that 
between the C group and A group» 
2.61. Both are significant beyond the 
5% significance level. " 
It will be remembered that Ss !" 
the A groups, after being informed o 
the nature of the PA list, were aske 
to give any responses they thoug” 
they knew on the first presentation = 
the PA list. The 45 Ss in these nd 
groupsaveraged 4.04 correct respon" 
on this trial. One S gave all 12 ite??? 
correctly, and only one failed to give 
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üny correct responses. Thus, 33% ol 
the items were given correctly on the 
first presentation of the PA list. 
That sheer guessing played a small 
role in this performance is suggested 
by the fact that an average of only 
2.02 wrong responses was given. 

PA item learning. The total correct 
responses given to each item across 
all 10 trials was determined. These 
were summed for the three A groups 
and also for the three I groups, and 
then each sum for each item was 
divided by 3 to obtain the same base 
as for the C group. Comparing we 
A group scores with those of He, 
group showed that the valies io ie 
A group were greater for 11 of the : 
items, Testing whether the mean of 
this distribution of differences oe 
sk 5.03) differs significantly from Zen 
gave a £ of 3.81. A comparable com 
Parison of the C grouP and | gian” 
shows the C group t? be pair at 
10 of the items, equa on i dis- 
inferior on 1, “The meat of i oa 
tribution of differences 15.58 4E 9.75 
is also significantly d 
(t = 3.86). Thus, the dat: 
learning fully port 
analysis that negative 
Produced in the ! groups, 
transfer in the A groups: -— 0% 

Intrusion errors. —^ Exp. bs. 
of the errors made 


" ys (iN 
the PA list were good sido 
trusions) ; that is, they ke 
terms which had bee? Peering The 
Stin yin VD dea 

nulus terms 1 gin th present 


Comparable percentage 18.76% and 


experiment were 25.99 “© and l-5, 
24.35% for Groups b T de by the 
ree " p rs nie - 

respectively. The errors. he same 


C group were 
manner as for Group I; 
‘intrusions’ was 3-4 S. pe 
there is a strong relationship 


tw een 
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negative transfer and intrusions in the 
present procedures. 


DISCUSSION 


The transfer data of Exp. III, as well 
as that of Exp. Il, indicate that consider- 
able associative strength is developed 
between the two verbal units presented 
together in VD learning. It is inferred 
from these findings that the association 
was developed as a consequence of the 
two units appearing contiguously in VD 
learning. The associations which devel- 
oped did so in an average of six presenta- 
tions and they were completely bi- 
directional (either term could elicit the 
other). 

Is there any other subtle factor which 
might account for the development of the 
associations in VD learning? There was 
reinforcement for the correct response in 
VD learning in the sense that S was 
shown the correct response following his 
overt anticipation. Is there some sort of 
spread of effect in the Thorndikian sense 
so that the two words somehow become 
associated via the reinforcement? This 
seems unlikely for several reasons. First, 
since an association between the two 
words was not, in the usual sense, 
formally practiced during VD learning, 
it is logically difficult to have this associa- 
tion reinforced. Second, when a spread 
of effect has been found (and it has often 
failed to appear) it has been of very small 
magnitude; jt would not seem, therefore, 
that it could account for the rather great 
transfer which occurred in the present 
Third, if a spread of effect is 

it should be directly related 
to the number of reinforcements given 
during VD learning. This is to say that 
the greater the number of correct 
responses for an item in VD learning, the 
greater should be the strength of the 
association. This expectation has been 
checked. The number of correct antici- 
pations made for each pair for all Ss for 
all A groups in VD learning was deter- 
mined. This distribution was correlated 
ith the number of times each item was 


studies. 
occurring, 
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given correctly on the first presentation 
of the PA list, since this measure provides 
the purest one of the effect of VD learn- 
ing. The product-moment correlation 
was .48. With df = 10, an r of .58 is 
required for the 5% significance level, 
A second and more severe test was made. 
For each S in the A groups a determina- 
tion was made of the three easiest and 
the three most difficult items in VD 
learning. Since more reinforcements 
occurred for the easier than for the 
difficult items in VD learning, if a spread 
of effect is responsible for the transfer 
noted the easier items should show the 
greatest transfer in PA learning. Direct- 
difference t's between total correct in PA 
learning for the three easy and the three 
difficult items were calculated for each A 
group. For two of the groups (A and 
A-R) the direction of the difference 
favored the spread-of-effect interpreta- 
tion, but the largest ¢ (for Group A-R) 
was 1.70, with a ¢ of 2.15 being required 
for the 5% significance level with df= 14. 
For Group A-S, the difference was in the 
opposite direction, but not significantly 
so (t= .26). Thus, all evidence con- 
sidered, the spread-of-effect interpreta- 
tion cannot be seriously considered as an 
alternative explanation for the present 
results. 

As noted earlier, Battig et al. (1962) 
failed to find positive transfer in moving 
from a VD list to a PA list when appro- 
priate pairing was used, although there 
was some evidence for negative transfer 
when inappropriate pairings occurred. 
Yet, it was clear that some associative 
connections were developed during VD 
learning. These investigators used non- 
sense syllables, Following VD learning, 
and immediately before PA learning, Ss 
were presented one of the syllables from 
each pair, one at a time, and were asked 
to give the other syllable that was paired 
with it in VD learning. In one experi- 
ment, 17% correct responses were given, 
in another, 16%. Thus, some associa- 
tions had developed between the pairs. 
The failure to find positive transfer in 
PA learning is probably due (these in- 
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vestigators suggest) to the fact that VD 
learning does not require response learn- 
ing, and in PA learning with nonsense 
syllables much of the learning required 
is response learning or response integra- 
tion. It is not entirely clear, however, 
why some transfer was not 
observable since some negative transfer 
was found with the inappropriate 
pairings. " 
Analysis of the Battig et al. results in 
conjunction with the present findings 
strongly suggests that meaningfulness 
interacts with learning by contiguity. 
The lower the meaningfulness the less the 
strength of the associations which occur 
as a consequence of contiguous presenta- 
tions. The evidence for such a principle 
is as follows. First, there is the gross 
comparison between the use of nonsense 
syllables (in the Battig et al. study) and 
in the present Exp. II and III where 
words were used. Second, although thc 
magnitude of the difference between 
appropriate and inappropriate pairings 
could not be assessed directly in Exp. ^ 
it is clear that the effect was less than 
in Exp. II and III. This may be due to 
lower meaningfulness. In Exp. I, the 
compound stimulus, by which items Mere 
presented contiguously without S having 
an intent to learn them, consisted of à 
word and a very low-meaningful trigra™ 
Finally, in Exp. IIL the most difficult P: 
items to learn (as gauged by the 
group) were those least likely to be em 
on the first presentation of the PA er 
for the A groups. The product-momen 
correlation expressing this relationshil 


pe sitive 


was .59, which is just past the a 
significance level. On the assumpt si 


that the most difficult items to learn : 
the PA list are, in some manner, of NES 
meaningfulness than those which ed 
easier to learn, a relationship wp 
meaningfulness and amount learned by 
contiguity is seen. Ld 
To modify the principle of contiguity 
with this presumed interaction be 
meaningfulness will, of course, wo 
additional explanatory mechanisms. is 
present guess is that less learning oCCU 


ASSOCIATION BY CONTIGUITY 


low-meaningful items 
because such items are less likely to evoke 
an immediate and stable response 
(overtly or covertly) than are. high- 
meaningful items. With low meaningful- 
ness, on successive trials of VD learning 
“different” responses are appearing con- 
tiguously from trial to trial for the same 
pair, so that less learning of any specific 
association should occur. The notion 
that maximum learning by contiguity 


; it evokes 
will occur when the verbal LA pem 
à consistent and stable response o ra of 
in line with interpretations ila ec 


meaningfulness in i idental learning 
(e.g., Postman, Adams, & 
In the strict sense, it cannot ke 
cluded from the present experiments t o 
Contiguity is à sufficient condition 


" era- 
associative learning. ma a posd 
tions always required : 8g deo EDS 

s always requ associative 


by contiguity with 


thing. Whether oF det — 
learni „ur if pairs 

ning would oce pa x 
c requiring auxili 


presented to S without 
ary learning is not 
Present experiments. 

It is concluded that 
develop as a result 
of verbal units while 
are being discriminated: 
Conclusion is to be m 
is the most efficient 
learning. The usual college 
equipped with man) 
ciational aids) which 


handled by the 
tions may 
1s pairings 
‘bal units 
parallel 


associa 
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“new” learning task and perhaps supple- 
ment or displace learning by contiguity. 
Contiguity, however, may be used to 
explain how the associational aids, which 
make use of previous learning, were 
acquired in the first place. 
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PRIMARY STIMULUS GENERALIZATION UNDER 
DIFFERENT PERCENTAGES OF 
REINFORCEMENT IN EYELID 

CONDITIONING ! 


WILLIAM E, VANDAMENT ANd LOUIS E. PRICE 


University of Massachusetts 


80 Ss were trained to 


ight of 3.20 apparent ft-c and tested to lights of 


i itioning i igati f primary stimulus 
less intensity in an eyelid conditioning investigation of primary 


generalization, 


All Ss were given 90 


acquisition trials and 20 extinction 


epe f ; = tis re general- 
trials, the 1st postacquisition trial serving as a test for pure g 


ization. } of the 
acquisition, 
displayed 


(a) The 


centage of reinforcement were 
tion occurred rapidly so th 
significance beyond the 
with similar finding: 
tion or “cycling” test tri 
with present techniques, 


Primary stimulus 
along a continuum of intensity has 
been demonstrated in classical condi- 
tioning with the salivary response 
(Razran, 1949) and the galvanic skin 
response (Hovland, 1937). In 54 
Russian experiments summarized by 
Razran, gradients obtained for post- 
acquisition tests showed monotoni- 
cally decreasing response strengths for 
stimuli of decreasing intensity and 
monotonic increases in level of re- 
Sponding when tests were conducted 
for stimuli with intensities greater 
than the CS, Comparable results 
were obtained by Hovland, Eyelid 
conditioning studies in which regular 


generalization 


1 This research is based on 


à problem 
submitted to the University of 


Massachusetts 


this experiment was reporte 
Psychological Association, 
1963, 


The authors are indebted to A. 
or his generous help and guidance thr 
the course of the investigation, 


E. Goss 
oughout 


s received semirandom 506, 


als seem of doubtful v 


reinforcement. during 


radient of generalization for the Ist test trial 
a systematic downward 
function of lessened magnitude from the CS 
reinforcement factor and the inter; 


trend in response strength as a 


(b) The percentage of 


iction between test stimuli and per- 
not statistically dà 
at the gradient failed to reach statistical 
Ist test trial. 
5 from other studie 


(c) Extinc- 


Significant. 


These results, when combined 
S, make the usefulness of extinc- 
alue in eyelid conditioning 


gradients of generalization WEE 
tained in either quality or hie 
dimensions have been generally 3 if 
sent from the literature. A survey m 
the evelid conditioning experimen” 
involving generalization reveals mye 
studies in which nonsystematic. UN 
Sponses to test stimuli were obtainet 
(Grant & Schneider, 1948; Make: 
1948), one studv in which a tendenc). 
toward systematic decrements - 
observed along an intensity dimens^ 
(Taylor, 1954), and one investigatio 
involving a differential effect of pis 
level on responses through extincti " 
to one auditory test stimulus ipee 
in frequency from the CS (Porte! 
1962), -— 
Grant and Schneider assigned 34 of 
1 of 16 cellsina 4 X 4 factorial peo 
in which acquisition trials were to ra 
of four light intensities and extincti a 
was carried out to the same oF se 
different intensity. ‘The basic pup 
of the study was the investigation i 
the effects of CS intensity upon lear 
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G 


with generaliza- 
Both the Hake 
as the 


ing and. performance 
tion as one variable. 
and Taylor studies used tones z 
CS with the former employing a 
differential conditioning procedure 
during acquisition and a cycling pro- 
cedure during test trials for primary 
stimulus quality generalization. I he 
Taylor investigation involved assign- 
ment of Ss during test trials to Various 
intensities of the tone used as the € > 
and obtained a nons ematic gradient 
for the first postacquisition test trial 
but more systematic decrements when 
the first and second test trials were 
combined, . 
This investigation 15 am 
demonstrating a gradient a gen 
ization along a continuum of Lr ma : 
in eyelid conditioning. ; ie C* was : 
light of relatively high intensity 20 
testing was carried out with t a 
and three stimuli of proponia ie D. 
less intensity Another TP ardt vs. 
Yegtigated was tig ee Peraliza- 
100% reinforcement upon 8* eon 
acquisition pt 


concerned with 


tion, Following 

$ g n L » con- 

generalization, i€ ucc um wis 
MEAE as of EX ' 

founding effects © st trial and the 


studied on the first test 7 
effects of experimental extin 
the gradient were observe 
further nonreinforced trials. 


iction upon 
d through 


METHOP 
a 


located in, 
nm. 


qus Ss were 

„| dMoparatus.— The 55 

dimly illuminated. ó 

room, ‘This room was < 
a 


x in S 
emanating from equipme! A in a partially 
audible, ‘The Ss were ae =: ! 
reclined barber's chair with 2 flat plack pane 
and faced the stimulus unit? c 
With dimensions of 3 
glass disk with a 
Ocated in the cent 
a distance in, front 9 9, ~~ 

stance of 60 1n. . inte 


diameter o 
[ this pane : 
er ol this ara The dura- 


A r 

m Pn i ie 
lion of the stimuli ant i Hu ter interval 
them were controlled | PY sete, manually 
timers with the intertrial i0 ‘i "s eyelid 


Controlled by E. Recording 9 
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movements was made by means of a micro- 
torque potentiometer, Hunter ampliher, and 
Epsco penmotor. ‘The penmotor was mounted 
on a Brush paper-puller which pulled paper 
through the recording system at a rate of 120 
mm sec. 

Design.—Vhe Ss were assigned to eight 
cells in a 2 X 4 factorial design in which two 
percentages of reinforcement were orthogonal 
to four test stimuli. 

Procedure —Following necessary adjust- 
ments to the apparatus instructions designed 
to leave Ss with a passive set were read aloud 
to S. Ninety acquisition trials were then 
The CS consisted of an increase in 
brightness of the milk-gl disk from .032 
to 3.20 apparent ft-c. The UCS was an air 
pulf of 2.0 psi released by a solenoid valve and 
delivered to the right eye by means of a nozzle 
attached to a headset worn by S. For all 
reinforced trials the CS was of 550 msec. 
duration. ‘The UCS was of 50 ms duration 
and followed the onset of the CS by 500 msec. 
on reinforced trials, both stimuli terminating 
simultaneously. This procedure remained 
constant throughout all 90 acquisition trials 
for those Ss receiving 100€, reinforcement. 
On half of the trials for the 5066 reinforce- 
ment group the CS was of 2,550 msec. 
duration with the UCS following the onset of 
the CS by 2,500 msec., an interval which has 
been found not to produce stable conditioning 
while maintaining drive level. (McAllister, 
1953). Reinforced and nonreinforced trials 
were alternated randomly with the re- 
strictions of equal occurrence in successive 
blocks of 10 tria and no more than three 
consecutive presentations of each. The inter- 
trial interval was randomly varied from 10 to 
20 sec. during both the acquisition and 
extinction trials. 

‘Twenty test-extinction trials with the non- 
reinforcing delayed stimulus conditions de- 
scribed earlier were given following acquisi- 
tion. Test stimuli intensities were 3.20, 1.364, 
4267, aud .07459 apparent ft-c from a back- 
ght of .032 apparent ft-c. These 
values obtained by means of a Variac trans- 
former and Wratten neutral density filters 

steps of equal psychological magni- 

round light and the 
s computed from the 
law" 


given. 


ground li 


represent 
tude between the bac 
most intense stimulus 


“psychophysical power proposed by 
Stevens (1962). Measurements were made 
from the source with a MacBeth illumi- 


The Ss were randomly placed in 
100 or 50% reinforcement condi- 
tions prior to acquisition trials. Assignment 
to the various test stimuli within each percent- 


agetof reinforcement was based on the number 


nometer. 
either the 
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of CRs given during the last 10 acquisition 
trials and was designed to insure that the 
groups were matched in response strength for 
the test trials. 

Subjects.—The Ss were 80 male students 
from introductory psychology classes at the 
University of Massachusetts. 

Definition of response.—^ conditioned 
response was defined as a deflection of 1 mm. 
of the recording pen occurring between 200 
and 525 msec. after the onset of the CS, The 
critical area for CRs was extended 25 msec. 
beyond the onset of the UCS as the minimum 
reaction time to the UCS was determined as 
35 msec. for 10 Ss who were each given 10 
trials with the UCS alone. Fourteen addi- 
tional Ss were eliminated. ‘Three of these 
were judged as voluntary responders having 
met the criterion of greater than 50% of their 
responses occurring between 200 and 300 
msec. following the onset of the CS. Two Ss 
from the 100% group and 9 from the 50% 
group were eliminated from the data as having 
failed to meet arbitrary criteria for response 
strength. In order to insure a high level of 
response strength for the generalization data 
these criteria of 50% CRs and 30% CRs 
during the last 10 acquisition trials were 
employed for the 100 and 50% reinforcement 
groups, respectively. 


RESULTS 


Acquisition.—All groups displayed 
increases in the number of responses 
given in each block of five trials as 
acquisition progressed with the 100% 
reinforcement group being superior to 
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Fic, 2. Generalization gradient for 100% 
group during extinction. 


the 50% group both in the final level 
reached in the last five trials and 
in rate of approach to asymptote. 
Within each percentage of reinforce- 
ment the groups tested with different 
stimuli during extinction responded at 
comparable rates. 

An analysis of variance of these 
acquisition data showed a significant 
Trials effect at less than the .001 level. 
The significant Percentage of Rein- 
forcement factor (p < .01) and 
the Percentage X Trials interaction 
(p < .001) show that the 100% group 
differed from the 50% group in level 
of responding and in approach to 
asymptote. The nonsignificant Stim- 
uli factor (p > .20) and Percentage 
X Stimuli interaction (p > .20) SU? 
stantiate the observation that eure 
each percentage of reinforcement igo 
groups did not differ significantly M 
response strength at the start 
generalization and extinction. = 

Generalization.—Figure 1 shows a 
the gradients of generalization On th 
first test trial for both 100% and po 
groups are systematic in their re E 
tion of the decremental effects "ha 
lessened intensity from the CS. 1 es 
gradient for the 100% group appe" 
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to have a steeper slope than that of 
the 50% group. 

Data were analyzed by means of a 
Sutcliffe chi square test (Sutcliffe, 
1957), a method for utilizing a chi 
square technique with more than one 
variable. The Stimuli effect was 
significant, X (3) = 18.00, P  .01, 
reflecting generalization factors. 

Neither Percentage of Reinforce- 
ment nor the interaction of Percentage 
of Reinforcement with Stimuli ap; 
proached significance- Separate chi 
square analyses reveal a significant 
Test Stimuli effect for the 100% 

i 2 = 14.14 < 01, but 
group, x? (3) = 1 soo; 
for the 50% group; 


ial the decremental 
the CS have 
to the rapid 
the CS and 


effects of distance rom 
largely disappeared due 
extinction of responses to 
the stimulus nearest 1t 
cliffe analysis reve? i 
effects, A chi square : 
the 


formed with Test 
failed to indicate anY significant, : 
Stimuli effect for this trial, 
= 2.20, p > 50. kor 
AEA 3j 2 and 3 snow 
Extinction.—V 18 ures a idly 


tee 
that the systematic gradien 


toor 


gor 


BOF 


PER CENT CRs 
/, 
1 
n 


Fic. 3. Generalization ra 
group during exti? 


TABLE 1 


ANALYSIS oF VARIANCE ON CRs 


DURING EXTINCTION 
Source df MS F 
Percentage of rein- 
forcement (P) 1| 3.828 1 
Stimuli (5) 3 | 13.928 2.86* 
PS 3 KEE i 
Error (b) 72| 4.877 
Trials (T) 3| 4.328 4.82** 
PT 3 .396 | <1 
SE 9| 2.430 271. 
PxXSXT 9| 1167 1.30 
Error (w) 216 .899 
tp «.05. 
** p «.0l. 


disappears with nonreinforced trials, 
showing a nearly horizontal shape for 
both 50 and 100% groups during the 
first block of five trials. This is due 
primarily to the continued extinction 
of the CS and the 1.364 groups 
whereas the group receiving Test 
Stimulus .4267 actually gained some 
response strength as trials progressed. 
The .07459 group remained at its 
original low level throughout extinc- 
tion. Extinction occurred rapidly as 
the combined groups responded at a 
50% level on the first test trial and at 
34% for Trials 1 through 5. By the 
second block of five extinction trials, 
the percentage of CRs had dropped to 
26%, below the level for the first 
block of five acquisition trials. An 
analysis of variance reveals a signifi- 
cant Trials effect during extinction 
(p< .01) as shown in Table 1. The 
Stimuli X Trials interaction (p < .01) 
reflects the previously noted differ- 
ential effect of extinction upon the 
various test stimuli. As a conse- 
quence, the significant Stimuli effect 
< .05) cannot be interpreted as 
reflecting the persistence of a system- 
atic gradient throughout extinction, 


DISCUSSION 


AM test stimuli groups within each 


reinforcement condition entered test 
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trials with nearly equivalent response 
strength, the differences between groups 
being statistically nonsignificant. Dur- 
ing the last five acquisition trials, the 
groups receiving 100% reinforcement 
gave 80.595 CRs while the partial rein- 
forcement groups gave 65.547 responses. 
Though the latter groups were clevated 
by the elimination from the data of nine 
Ss responding at a low level, the percent- 
age of reinforcement variable reached 
statistical significance. In interpretation 
of the generalization gradients, however, 
the lack of differential effect of reinforce- 
ment schedule is restricted by the 
criterion procedure. 

The monotonically decreasing gradient 
of generalization found in the present 
investigation is in contrast to the results 
of other generalization studies in eyelid 
conditioning (Grant & Schneider, 1948; 
Hake, 1948; Taylor, 1954). Grant and 
Schneider found no systematic decre- 
mental effects on either frequency of 
response or amplitude mcasures when 
testing along an intensity dimension 
during extinction. Hake obtained non- 
systematic results when tests utilizing a 
cycling technique were conducted with 
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Fic. 4. Gradient of 100%% group for first 
test trial plotted in log (X 100), power func- 
tion, and physical intensity scales. 
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tones of various frequencies following a 
differential conditioning procedure. The r 
results of both of these studies include 
extinction factors as well as generaliza- 
tion. The gradients of the present study 
lost their regularity rapidly in extinction, 
departing from a monotonically decreas 
ing shape during the first block ol five 
extinction trials and becoming horizontal 
during the second trial block. . lhese 
findings and the usual rapid extinction 
of the eyelid CR. (Gormezano & Moore, 
1962; Taylor, 1954) indicate that test 
trial data beyond the first postacquisition 
trial reflect extinction factors to a degree 
which may obscure the effects of other 
variables. ] . 
Taylor (1954) utilized auditory stimuli 
and tested upward along the intenstt$ 
dimension. Previous classical condition- 


; e di 3 xis baai 
ing studies in which testing has bec : 
carried out in this direction have nt 


decrements in response 
strength to. those more intense stimuli 
(Hovland, 1937; Razran, 1949). rhe 
point of interest might be that Taylor ob- 
served decremental effects where others 1 
had not, rather than that the gradient 
for the first test trial was not monotoni 
Taylor comments that the GSR used DY 
Hovland is more sensitive to stimulus 
intensity than is the eyelid response and 
notes a high percentage of short latenc? 
responses occurring to the more intense 
of her test stimuli. It is possible that 
stimulus intensity has a differential ell ji 
upon these two responses as Ww alker 
(1960), in studying the effects of stimulus 
intensity on acquisition and extinctl? 
in eyelid conditioning, also observe 
shortening of response latencies at 
higher stimulus intensities. 
Previous investigations j 
either a log scale or a summation 
jnd's to estimate psychological mag 
tudes, whereas in the present study Pd 
power function proposed by Stevens one 
employed. White (1962) has Ee 
scaling methods with regard to the asy" 
metry of gradients along an inte e^ 
dimension replotting some of the data d 
the literature with a power fuga 
baseline. As a result of this type Ln 
rescaling, the gradients obtained by Ho 


found any 


ect 


g a 
the 


used 
o 


have 


nsity 
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land (1937) do not show as pronounced a 
tendency toward being linearly related 
to stimulus intensity. Figure 4 displays 
the gradient obtained in the present 
study for the 100% groups on the first 
test trial using a power function baseline 
and the values as they would fall on log 
and physical intensity scales. The Lap 
dient is of almost perfect linear shape ! 

the log scale is used but appe 
downward plotted over the power DL 
tion and physical intensity, Busen 
Since the shape of the gradient — 

considerably according t9, when E 
procedure employed it might ean 
simonious to disregard scaling proedures 
in generalization and study E bast 
eters relating to some physical ¢ ‘ished in 
as has been previously aC CS intensity 
eyelid conditioning with CSUCS 


0) and 
1960) 53; Kimble, 


ars concave 
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EFFECT OF REDUNDANCY AND DURATION ON 
ABSOLUTE JUDGMENTS OF 
VISUAL STIMULI! 


W. R: 


GARNER asp C, DOUGLAS CREELMAN? 


Johns Hopkins University 


" d.e mods TEES Lorie 
Absolute judgments of stimuli which varied in size, in hue, or in 


and hue combined in a correlated fashion, were made al 
The results showed considerable gain in di " 
with combined size-hue stimuli, but no effect of duration at all. 


durations. 


2 different 
imination 
It is 


i i imi i >r than 
suggested that such tasks are of judgmental discrimination rather ay 
perceptual discrimination, and that while absolute judgments cat hn 
limited by perceptual factors, other factors are ordinarily more n 


portant. 


Very few experiments have shown 
that perceptual discrimination of a 
redundant set of stimuli is better than 
discrimination of a nonredundant set 
of the same size. In other words, the 
addition of one or more correlated 
dimensions to a set of stimuli does not 
ordinarily improve discrimination of 
the stimuli. An important exception 
to this generalization is the finding by 
Eriksen and Hake (1955b) that com- 
binations of size, hue, and brightness 
in an absolute discrimination task 
gave better discrimination, as meas- 
ured by information transmission, 
than any of the dimensions judged 
singly. Because this result is so at 
variance with other results on per- 
ceptual discrimination, a better under- 
standing of the nature of this task 
would be worthwhile. 

The present experiment repeats 
part of the Eriksen and Hake experi- 
ment, except that stimulus duration 

1 This research was done under Contract 
Nonr-248(55) between the Office of Naval 
Research and the Johns Hopkins University. 
This is Report No. 24 under that contract. 
Reproduction in whole or in part is permitted 
for any purpose of the United States Govern- 
ment. The authors wish to express their 
appreciation to William Ertag for assistance 
in the collection and analysis of the data. 


2 National Institute of Mental Health 
Postdoctoral Fellow. 


an additional 
order to 
sult 
led 


was introduced | 
experimental variable, in Orge 
determine whether the earlier re 
was due to the lack of control 
duration. — 

Our interest in duration as de 
perimental variable in this type "m. 
problem stems from two causes. l sted 
Garner (1962, p. 209) has sugges. ip 
that the gain in discrimination v 
the addition of a redundant varia a 
might not occur with short duration 
of stimulus exposure. 


In the origin? 
Eriksen and Hake experiment, 
stimulus was exposed as long t 
necessary for S to make his judgmen 
and there is a possibility that the 2 
due to redundancy occurred at i 
cost of increased time. ave 
Second, Garner and Lee (1962) pe 1 
analyzed in detail the factors W ik in 
can affect the utility of redundane? c, 
perceptual discrimination tasks. dun- 
critical factor in the role of dence 
dancy is the perceptual indepen” of 
of the psychological counterpart re 
the stimulus dimensions which jth 
made redundant, or correlated, pedi 
each other. Only if the perceP™ n 
counterparts are independent " 
there be a gain due to the addito 
a correlated dimension. But ws 
important for our immediate purP 


as 
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REDUNDANCY, DURATION, AND JUDGMENTS 


these authors also pointed out that 
stimulus duration itself can be con- 


sidered as a kind of redundancy, since 


an increase in duration is essentially 


the repetition of the same stimulus. 
In other words, two oF more con- 
considered 


tiguous time periods can be 
to be providing correlated. stimulus 
variables. Thus redundancy can be 
produced either by increasing dura- 
tion or by adding à correlated dimen- 
sion at a fixed duration, and a better 
understanding of the problem can be 
obtained by studying the joint effects 
of duration and number of dimensions 


in discrimination tasks. 


METHOD 


Stimulus conditions —The Ss made abso- 
lute judgments of three different sets of 20 
squares, presented visually at one of two 
durations. One set of squares varied in size 
alone, another in hue alone, and a third set 
varied in both size and hue, with the two 


dimensions correlated. 
Stimuli for size judgmen i squa 
ranging from 1 to 5 in. on à side, in. i-In- 
steps, cut from black Munsell paper. These 
stimuli were twice as large as those used by 
Eriksen and Hake because a much 
greater viewing distance. J "T 
Stimuli for the hue per we ER, 
Squares o! ll paper- ne hues were 2^« 
10R, SVR ogra tov, sGY, 10GY, 5G, 
10G. SG, 10BG, 5B, 10B, SPB, 10PB, 5P, 
10P, SRP ‘ToRP;and in each case the Munsell 
value was 5, and the chroma was 0- These 
are the same hues used by Eri sen and Hake. 
The correlated stimulus set varied both in 


Size and in hue, with the two dimensions 
manner. Again, this 


that used py Eriksen 


he larger sizes. 
h 20 were used as 


ts were St juares 


we used 


responses for each se 
Of the size series the 5m? ) 
In the hue series, 


ed in ord 


the spectrum, with the response 1 


auth 5R, and so on. 
undant stimulus series, 


Was 5R, the next smallest Ww " 
With.the same response numbers as those use 
With the single-dimensional stimuli. 

Jus ex- 


Two different durations of stimu 
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mc Lh A schematic drawing of the re- 
stion box and projector apparat sed i 

y atus used 
the experiment. " E: 


posure were used— jy and jy sec. Each 
stimulus series was presented at both dur - 
tions, giving a total of six conditions. ] 
A pparatus.—In order to control th 
duration of the stimuli, fix the positi a 
introduce small color distortion ws nd ded 
a more elaborate apparatus than AREA a 
by Eriksen and Hake. Each stimulu p^ 
mounted on a separate white card 10 in, 
square, which could be inserted in th buch 
of a reduction screen box. Figure 1 "in 
schematic drawing of this part of th x 4 
paratus. The box was 22 in. deep, and 28 in. 
square as seen from the front (at the zie bof 
the figure). The aperture in the front Eh ib 
box was 10 in. square, and the inside of tl e 
box was lined with black, light-ab: es 
material. e 
The stimulus card was i i t! 
required duration by a [emere a es 
the box from behind, aimed to reflect of: 
diffusing white board located inside the b E 
below the viewing aperture. The dier 
was controlled by a shutter on the light 
projector. e" 
"The front surface of the reduction box was 
painted flat white and was illuminated fro: à 
two sides by masked fluorescent b tbs 
mounted in reflectors. The bulbs theses = 
could not be seen by S, but they RE. 
reasonably uniform light across ie s hite 
surface. ‘The brightness of the white sux = 
was approximately 3 apparent ft-c, and pe 
brightness of the illuminated stimulus card k 
the back of the reduction box was the d a 
The lighted front surface was used to dien 
maintain visual adaptation for S ánd iS 
minimize the possibility of afterimages. = 
A portion of the apparatus not shown in 
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Fig. 1 was a 10-ft. tunnel, which extended to 
the right of the figure. The tunnel was itself 
lined with black felt to prevent light from 
reflecting off the walls back onto the stimulus 
cards. The SS was seated at the end of the 
tunnel, and viewed the face of the reduction 
box through a binocular viewing aperture. 
What S saw was a white field with a black 
10-in. square in the center. He saw the 
stimulus on its white card only during the 
brief exposure period, when the shutter of the 
projector was activated. The only purpose of 
the reduction box and tunnel was to ensure 
that the stimulus cards could be changed 
between trials, but be seen by S only during 
the proper exposure period. 

Subjects and procedure.—Six undergraduate 
students served as Ss, and each S went 
through all experimental conditions, The six 
conditions were assigned to the six Ss in a 
Latin square counterbalanced order, and each 
S continued with one condition until all 
judgments had been made, 

The stimuli were Presented in random 
order approximately one every 10 sec. A 
warning bell rang 3 sec, before each stimulus 
presentation. During the time between 
stimulus presentations, removed the 
stimulus card from its holder on the reduction 
box and inserted another, selected from a 
nearby rack. After each stimulus, S wrote 
his response on a sheet of paper and also 
called it out to E, who then told him what the 
correct response was. Each S made a total 
of 36 judgments of each stimulus for each 
condition, but the lirst 6 judgments were 
considered practice, and analysis was done 
only for the last 30 judgments. The 
no more than an hour at a time, and was given 
à brief warm-up period at the beginning of 

each hour. 


RESULTS 


Information transmission between 
stimuli and responses was computed 
separately for each S and each condi- 
tion, and the averages of these values 
for each of the six conditions are 
shown in Table 1. Analysis of vari- 
ance showed that the stimulus set 
(number and type of dimension) was a 
highly significant source of variance, 
but that neither the main effect of 
duration nor the interaction of dura- 
tion and stimulus set was a significant 
Source of variance. 
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FABLE 1 
INFORMATION TRANSMISSIONS FOR THE 
THREE STIMULUS SETS AND THE 
Two DURATIONS 


Stimulus Set 


| 
Duration | z 
(Sec.) | : p" 
| Hue | Size Mo 
3 pes 2 
1/10 2.39 2.69 zeo 
1/25 2.30 2.68 278 
35 2.08 2 
M | 2.35 | 2.6 p 
= " is e dn conu ig " Cane 
Note.—Each information transmission is the me 
in bits, for six Ns, 
— ; aiig 
Our values of information t! ii 
mission for size judgments are 


criksen anc 


close to those obtained by GE 
Hake. Our values for the hue ROS 
are somewhat lower, but this difer 
ence can be accounted for by our E 
of a yellow illuminant (a projecti? 
bulb rather than a Munsell amp. 
and by the fact that some of our 9 
were slightly color weak. 

The critical result, however, 
information transmission was 
Stantially higher when both stin 
dimensions were used together 
when either was used alone, | AE 
confirming the earlier result of Erikse 
and Hake even with short duration” 
An equally critical result is that the a 
was no difference between the t 
durations. 


is that 
sub- 
qulus 
than 
thus 


Discussion 


Duration had no effect on accuracy t 
absolute judgment in this ennhi iet" 
but adding a correlated stimulus gs p 
sion did. Each of these facts is "M o 
portance for understanding the nat! 
the task. , Jated 

First, the fact that adding a CONE ed: 
dimension improved judgmental a 
racy even when short durations We 
means that the original Eriksen e 10 
Hake result was not an artifact dv for 
their allowing S an unlimited Um gY 
judgment. The gain due to redunt ing 
does not, then, depend on S'S d 
additional time, as originally sug 


re use 
a 


geste 
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by Garner (1962). Furthermore, this 


iin due to redundancy indicates, accord- 
ing to the Garner and Lee (1962) anal- 
ysis, that the two stimulus dimensions of 
and hue have perceptual counter- 
which are independent. The 
Garner and Lee analysis shows that the 
maximum possible gain due to the "Pe 
tion of a redundant variable is 5 e 
and in the present experiment this ve is 
is exceeded, although not significantly 
so. Thus as much gain was obtained as 
is theoretically possible. 

In aom dida problem, Garner ^ 
Lee used the term perceptual independ- 
ence, meaning that errors with e i 
the two dimensions are uncorrélaie d is 
other words, whatever factors rin de 
less than perfect discrimination AES : t 
dimension are not the same, Or S rins 
correlated with, those that limit mes 
crimination with the other — 
These factors need not, pop sr Mn 
perceptual factors 1 the "ey : rece ptor 
are limiting conditions at phe a uel 
input end of the total psyc t iust as 
process, The limiting past = to 
well be judgmental in natures non to 
do with such things aS tipo xd, or to 
keep stimuli and responses P ^ni ^ 
maintain a stable frame of seieren, of 

Second, the fact that dea E riment 
duration was obtained in this pos e 
suggests that the limiting, c ulty in 
performance is not from, [ere ntal 
discrimination, but rather 1s pue 
The Garner and Lee pe ds order 
cated that duration changes 2 pet to a 
used in this experiment Mm eson of 
difference in information e obtained a 
approximately 6 bit. f .05 bit, and 
nonsignificant difference of <9 e direc- 
even though it is in Ue em ne should 
tion, it is clearly far from ege ine otual in 
expect if the task is truly percel 
its limitations. 

It is interesting that 
to our knowledge, no expen" 
rectly concerned with the effect o 
duration on absolute judgment’ ve a 
assumed that duration would ur all 
strong effect, as it has on Drac "e retro- 
discrimination tasks. And Yet 7 prised 
Spect, we should not have been surp 


need 


there have been, 
eriments di- 
f short 
We 
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at the lack of such an effect. A number 
of studies have shown that factors which 
should affect discrimination have little 
effect on absolute judgment. Pollack 
(1952), for example, showed that re- 
striction of the range of frequencies in 
absolute judgments of pitch had little ef- 
fect on information transmission ; Garner 
(1952) showed the same for judgments 
of loudne Eriksen and Hake (19552) 
and Alluisi and Sidorsky (1958) have 
shown the same lack of effect for judg- 
ments of visual size. 

Yet such restrictions of range should 
have a major effect if the critical factor 
in the task were perceptual discrimina- 
tion between stimuli. Furthermore, at 
least in the case of loudness judgments, 
the effect of duration should be much the 
same as the effect of restriction of range, 
since to reduce duration is essentially to 
reduce the loudnesses of all stimuli 
proportionately, i.e., to reduce the ab- 
solute range of loudnesses. 

Perceptual discrimination or judgmental 
discrimination?—The fact that absolute 
judgment is so little affected by factors 
which do affect perceptual discrimination 
leads us to believe that absolute judg- 
ment is not primarily or necessarily a 
task of perceptual discrimination. In 
the typical absolute judgment experi- 
ment, stimuli arranged along a single 
continuum (or even a correlated pair of 
continua) are used, but the adjacent 
stimuli on the continuum would not be 
confused if they were presented for pair 
discrimination. Yet when a large set of 
such stimuli is used, adjacency discrimi- 
nation is far from perfect. Furthermore, 
total discrimination as measured by 
information transmission is unaffected 
by ordinary perceptual factors. 

Absolute judgment tasks are opera- 
tionally like perceptual discrimination 
tasks, but this operational similarity does 
not mean that they are in fact the same. 
The absolute judgment task is more 
concerned with judgmental discrimina- 
tion than with perceptual discrimination, 
and different laws will hold for these two 
different discrimination tasks. For per- 
ceptual discrimination, factors which 
affect the receipt of information at the 
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receptor will be critical. But these same 
factors will not be critical for judgmental 
discrimination. In judgment, such 
things as the nature of the response con- 
tinuum, the compatability of the response 
to the stimulus, and problems of decision 
making will be critical. Since, however, 
the absolute judgment task does require 
an initial perceptual input, then it will 
be limited by factors which affect 
perceptual discrimination. But the judg- 
ment task itself will impose limits on 
discrimination well beyond those im- 
posed by perceptual factors, and these 
will ordinarily be the overriding factors. 
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‘Thresholds of visual P! 
obtained for trigrams v 
(semantic referent! 
control items- j 
rearranged anagram-WIse. 
pronounceable items, and. 
other hand retention, meast 
best for the mea 
Pronunciability wi 
reading or CO 
have facilitated 
category for gro 


eof t 


uping the initia 


Hardly anyone would question the 


proposition that the efficient reader or 
thinker deals with larger wnt b. 
material, whatever they may be, i 
the beginning or retarded practition ts 
It was not necessary for psychologists 
to point out that speedy eadar an 
not dwell on every letter, but ta ke ir 
words, phrases, and conceivably ev en 
sentences “at a glance. Unlike pam 
common sense knowledge, however, 
this maxim has received s don ds 
corroboration from well-conducted ex^ 
periments. the most famous 


Perhaps i 
of these is Bryan and Harter’s (1899) 


of Morse code 
opment of Ma 
e importance of hig? : 
Dérception of verbal material e 
early demonstrated by Cattell (1 
and by Erdmann and Dodge D 
The number of letters W 


3 by a 

1 This work was supported in io of 
grant from the United States Education, 
Education, Department of Health, 
and Welfare. 


erception and 
arying in pronunciability and meaningfulness 
f the kind found in well-known initials), and for 


1 next lowest for meaningful ones. 
ired by both recognition and free recall, was 
ningful items and second best for pronounceable ones. 
as inferred to be the better grouping principle for 
ding to speech units. fuln 
retention more than pronunciability by providing a 
l items, thus aiding retrieval. 


2 measures of retention were 


e 3 types of trigrams contained the same letters 
Perceptual thresholds were lowest for 


On the 


Meaningfulness was inferred to 


perceived in a tachistoscopic exposure 
increases as the letters form a word, 
and again as the words form sentences. 

For several decades psychologists 
accepted these facts with satisfaction 
and with little further curiosity. But 
in recent years, new interest has 
centered on the problem of how the 
higher units are formed. At least 
three lines of investigation have led 
to this revival. One is the advent 
of information theory and the realiza- 
tion that information processing is 
affected by what Miller (1956) called 
“chunking.” Another is the emphasis 
of rote learning theorists on ‘‘re- 
sponse integration" (Mandler, 1954, 
1962; Underwood & Schulz, 1960) ; 
and third, experiments on the reading 
process considered as perceptual learn- 
ing (Gibson, Osser, & Pick, 1963; 
Gibson, Pick, Osser, & Hammond, 
1962). 

The general questions to be an- 
swered are several. How are higher- 
orders units formed? In fact, are 
they formed by the learner, or are they 
rather discovered in the structure of 
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the stimulus array? What principles 
of grouping, in either case, favor the 
development of higher units, and are 
these principles the same, whatever 
the task to be performed with the 
units? 

It was generally taken for granted 
in the early work on tachistoscopic 
perception of word vs. nonword se- 
quences of letters that words were 
read faster because they were *mean- 
ingful" ; meaning presumably con- 
ferred unity on the letter group. 
But recent work (Gibson et al., 1962; 
Underwood & Schulz, 1960) makes 
plausible the hypothesis that pro- 
nunciability—the correlation of a 
spelling pattern with an invariant 
pronunciation—is an alternative and 
important grouping principle for letter 
sequences, a cohesive property making 
for unit formation, 

Is it possible to separate these two 
properties in order to compare their 
effectiveness? The difficulty of de- 
fining meaningfulness (or at least 
agreeing on a definition satisfactory 
to more than a few people) is at 
first discouraging. Furthermore, real 
words, however meaningful by any 
criterion, are de facto pronounceable. 
And nonsense syllables, when rated 
for meaningfulness and for pronuncia- 
bility, appear to have these properties 
correlated. This fact is not surprising, 
for pronunciability is itself a kind of 
meaning. A pronounceable letter 
group obeys rules of English gra- 
pheme-phoneme correspondence and 
therefore has a structure which is 
familiar and related to other verbal 
structures. But it may nevertheless 
lack semantic reference and thus be 
low in that aspect of meaning. 

A method of separating meaning in 
the sense of semantic reference from 
pronunciability was suggested to us 
by the experiments of Underwood and 
Schulz (1960). They found that 


pronunciability ol trigrams Was an 
excellent predictor of learning, but 
there were some notable exceptions. 
These were letter sequences which had 
either extremely high generated value 
(i.e., xyz), or very consistent and 
familiar semantic reference (ie, ini- 
tials such as RFD). These two indexes 
of meaning are quite different Irom 
the one implied by Noble's (1963) m 
(an index of meaningfulness given 
“by the average number of associa- 
tions made by a representative sample 
of subjects during a standard time 
interval [p. 84]"), but they can 
nevertheless be defended as equally 
relevant. Underwood and aah 
(1960) considered generated value et 
the kind found in xvz a useful measure 
of meaningfulness. More specifically, 
they said “We are interpreting both 
pronunciability and the generate 
values to be measures of response 
integration [p. 246]." As lor con- 
sistent semantic reference, it may be 
that a letter group is no less meaning- 
ful when it has one and only one 
association which everyone agrees ON 
than when it has a numerous aní 
varied set of them. 

Familiar initials satisfy both these 
criteria of meaningfulness; they have 
high generated frequency of the thife 
letter, given the first two, and thes 
have consistent semantic reference 
Furthermore, a number of them d 
pronunciation as a unit, so that ie 
letter sequence can be considered P 
in one property and low in the other 
Underwood and Schulz said, in pe 
paring generated values with D 
nunciabilitv, “Thus if we capitali 
on alphabetical-sequence habits, is 5 
tial habits, and so on, which pon 
result in trigrams difficult to Ps 
nounce, we could quite easily ciet 
the relative predictive capacity gior 
for the two measures in the prese 
experiment [p. 258 ]." 


VERBAL PERCEPTION AND RETENTION 1 


Whether there are differences in the 
effectiveness of verbal units "pack- 
aged" primarily by meaningfulness as 
just defined, or by pronunciability is 
the subject of this investigation. 
Their effectiveness as grouping prin- 
ciples is compared by determining 
perceptual thresholds for items high 
in either pronunciability or in mean- 
ingfulness, but low in the other, and 
for control items low in both. | Their 
effectiveness is also compared for two 
Measures of retention. 


METHOD 
Material — Three types of trigrams $55 
Selected for comparison: fugam aa by 
Unitariness was constituted primate Tabic 
their being pronounceable asa mee clie 
unit, according to the rules of Eng n METUS i- 
and pronunciation; trigrams whose phi nin gis 
Ness was constituted primarily by ea ai 
fulness defined by semantic as d in 
generated value; and control Bee S. 
both pronunciability and meaningfu control 

Since we considered it important xi dm a 
the letter shapes, which are thems etin 
Source of error in measurmg percer 
thresholds, the trigrams were cho pres 
each control trigram, rearranged S and 
Vise, yielded a pronounceable paean a 
à meaningful counterpart. , do nounceable 
Contro] trigram MBI had as its pron nineta] 
Counterpart mip and as jS aee 


sen so that 
m- 


Counterpart IBM. eso jield- 
, First a search was made for den ui 
ing a triad of the kind described- ted fre- 


E s y r genera. : 
these items were checked d the tables in 


qu / ird letter 1 [ 
luency of the third (1960, PP: abe 
Since it was desired that meaningful i When 
high in this respect and the ot 
there was a choice betwee 
Pronounceable trigrams (¢-~ icy of the 
ue one with lower generated frequency 

ird letter was chosen. E 5 sets 

After these steps, we Were left w hohe 
of trigrams to be rated for meaning: u 
? population similar to that finally to aee 
as Ss. Subordinate lists of 15 trigram mber 
Constructed, each containing only one me ‘Two 
Of a triad such as pm, MIB, and MBI- i. 
Versions of each of the three 
Were made with different ra a 
` Ive real words (the same ones) W 
în each of the lists as well. Beca 


- 


TABLE 1 


or Ss RATING TRIGRAMS AS 


PERCENTAGE 


VERY MEANINGFUL OR SOMEWHAT 
Control Meaningful 

cp | Trigram | S% | Trigram | % 
OKR 9 KOR 74 
AvT | 9 TAV t 88 
MBI 3 MIB 100 
IFR 7 BIF 100 
ACR 12 | mac 95 
ATW 0 TAW 93 
RLI 0 RIL 95 
APW 3 WAP 71 
OTK 4 TOK 91 
YNU 7 YUN 94 
ICF : cir 95 
LFA = FAL 93 

tryout indicated that some of our would-be 


meaningful items might turn out to be low 
for the population tested and would have to 
be discarded, four more such items were 
added to all the lists to be rated, Each list 
finally included nine supposedly meaningful 
trigrams, five pronounceable trigrams, five 
control trigrams, and five words. 

The six subordinate lists were distributed 
to different freshman English classes. Each’ 
item was rated for meaningfulness on a 4- 
point scale (very meaningful, somewhat 
meaningful, slightly meaningful, not at all 
meaningful). In addition, the rater was asked 
to indicate the meaning of each item, if it had 
any, in order to locate any idiosyncratic 
items. Each trigram was rated by at least 
30 to 40 people. 

‘Table 1 shows the 12 sets of trigrams 
finally chosen, with the percentage of Ss who 
rated the trigrams very meaningful or some- 
what meaningful. Of the 19 items intended 
to be meaningful, 7 had to be discarded, either 
because they were not rated high enough by a 
majority of Ss, or because one of the two 
counterparts was rated high. Two of those 
retained were ones inserted after the first 
tryout and did not, therefore, have their 
counterparts rated. The meanings indicated 
by Ss were examined for idiosyncrasy. Items 
retained as meaningful had consistent refer- 
ence, high generated value, and a high mean- 
ingfulness rating. 

Ratings of pronunciability were not ob- 
tained. Instead, the trigrams were presented 
to a group of judges (members of a graduate 
seminar in verbal learning). There was 
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unanimous agreement that the items in the 
pronounceable list were pronounceable as a 
monosyllabic unit according to English 
usage, and were also easier to pronounce, by a 
native English speaker, than their two 
counterparts. 

Lists to be used for testing perceptual 
thresholds and retention were “mixed,” that 
is, made up with four items of each of the 
three groups. A list contained only one 
member of a triad. All items appeared in a 
list an equal number of times and were 
distributed so as to randomize list member- 
ship and so as to counterbalance for possible 
position effects within a list. Order within 
the list was random, but with the stipulation 
that items of the same type be separated by 
two other items. ts of items presented for 
threshold determination included four real 
words interspersed among the trigrams. 
Ratings of meaningfulness for these words 
(SUM, HOG, RAT, JOY) were lower on the 
average than for the meaningful trigrams, 
suggesting that a successful effort had been 
made to achieve high meaningfulness for 
these trigrams. 

Method for determining perceptual thresh- 
olds.—Thresholds were measured individually 
for each S by means of varying the brightness 
contrast of the exposure field in relation to 
the pre- and postexposure fields. The time 
of exposure was maintained constant at 


sec. Brightness of illumination of the pre- 
and postexposure field was also set at a 


constant level for all Ss. The brightness of 
the exposure field was variable, always start- 
ing with an illumination well below that of the 
pre-exposure field and increasing by 1-v. 
steps up to the perceptual threshold. The 
tachistoscope was a double projector setup 
with synchronized camera shutters. Variacs 
wired into the projector circuit permitted 
manipulation of the voltage. The S sat in 
front of the projector at a distance of 8 ft. 
from the screen. The material was typed in 
Roman capitals with a sign typewriter and 
prepared as slides. Height of the letters 
projected on the screen was 17.5 cm. A slide 
in the projector for the pre-exposure field 
contained two black lines so placed as to 
frame the trigrams to be projected. Illumina- 
tion of the projection room was low and 
always constant. Illumination of the pre- 
exposure field (set at 90 v.) measured 14 ft-L. 
When the background illumination of the 
exposure field was at 60 v. (a setting which 
permitted most of the material to be read) it 
measured 1.6 ft-L and a projected letter stroke 
measured .64. 


The procedure for obtaining the threshold 
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was an ascending method of limits, with S 
responding whenever he could by writing 
what he saw on a pad of paper on his chair 
arm. Each time he wrote something, 
observed it and either increased the exposure 
illumination by 1 v. for another exposure, oa 
told S he had read correctly and turned ne 
page for recording responses to the Aer 
1 \fter a successful trial, Æ rea 
í a new 
The 


stimulus. à l ^ 
the voltmeter, reset it for trials = 
trigram, and gave S a ready signal. 
instructions were as follows: 


This is an experiment on reading. wi 
would like you to look at the screen 1n isl K 
of you, and when we say "ready" fixate d 
center of the two black lines. After e 
ready signal,a group of letters will be flashe 


neus a brie 
on the screen between the lines tora wets 
interval. Please try to read it am After 


what you see on your response sheet. ain 
writing, please look away from the Sota 
until the next "ready" signal. bine anys 
you will probably be unable to read © Yg 
thing. In that case, write nothing. ires 
will continue with successive Expo 
until you have read a letter group correm e 
As soon as you are fairly sure you have Say 
something, write it. But don't Hier 


i 
i seen on 
guess—write what you have seen O E 


you have a fair degree of confidence. 


"s " " : s (two 

lhree practice slides were Qe yes 
n) € 

BO leve 


thing on the first exposure, but an atte" 
was made not to set it so low that chan 
threshold measure would require more oF 
about 15 steps. The 16 trigrams and W à 
were then presented to S. Forty-tw0 Ss each 
run, yielding 14 threshold measures fof [rom 
of the 36 trigrams. All Ss were drawn the 
an introductory psychology course m ha’ 
College of Arts and Sciences. None 
rated the trigrams. 

Method for testing recognition $; 
The same three sets of trigrams were pres that 
in mixed lists of 12, again distributed w 
only one member of a triad appeared in in 
but all appeared with equal frequency: 
the previous experiment, there Wer 
trigrams of each type in a list. No rea g co 
were included. The three lists thU jid 
stituted were arranged in three orders jeld 
items rotated in each order so as t° thre? 
identical serial positions across th? {pref 
members of a triad. The purpose of 
orders was to increase generality © an 


— 
memory» q 


"Wa, 
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found, since counterbalancing for position 
wi complished by maintaining identical 
positions for members of a triad. ' 

"The items were typed with the 
writer and photographed on film strip. A list 
was projected on a screen with a 2-sec. 
presentation for each item. Instructions 
were: "We are going to show you 12 three- 
letter combinations on this screen. Please 
notice them carefully." After the list had 
been exposed, S turned over a sheet of paper 
lying before him and read his further instruc- 
tions, which were to read through all the 
letter combinations printed on the page, and 
check the 12 he had just seen. This page 
contained all the 36 trigrams, in random 
order. Three orders were again prepared 
so that position in the recognition test could 
be counterbalanced by assigning members ofa 
triad to identical places. Each of the three 


test orders was used three times, à given test 
order always following a given exposure order 
t no bias due to interaction of position 


ign type- 


so tha 

of items in exposure list and test list was 

possible. The list-cum-test combinations 
] at random to the nine sub- 


were assigned 
groups, which were sections of an introductory 
psychology course. The Ns for the counter- 
part-order subgroups Were approximately 
equal. None of the 182 Ss had taken part in 
the previous experiments. 
Method for testing re 
made for testing eig 
sting recall. However, i 
had hree repetitions of a list. A different 
order appeared for cach trial. As before, 
orders were held constant for members of a 
triad. At the end of each exposure of the list 


S wrote all the items he could recall (in any 
order) on a P irning back the 


ad of paper, tt ! 1 
page when he had finished. Again, the lists 
were projected with a 2-sec. presentation per 
item and 110 new Ss were run in sections of 
the introductory course. Each of the three 
lists was given to two 
assigned. 


reall, —The film strips 
nition were used for 


the recall groups 


sections, randomly 


RESULTS 
Comparison of perceptual thresholds. 
—The threshold measures which had 
been recorded in volts were the set- 
tings required for an S to read a 

trigram correctly. As is the ust 
ith tachistoscopic recognition 
ces were Very 


case Wl 

data, individual differences *" 
t. In order to determine whe er 

hee ial effects 


there were further differentia 
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due to trigram type, the data wer 
transformed to standard scores bv th 
s by e 


formula 50 Æ+ E 


was determined for each S indivi 

ually. Since each member of "poe 
was judged by different Ss, the vo 
version to standard scores allowed 
EOM treatment of the differences 
boni eic in individual triads, 
pues ating variability due to differ- 
z s in legibility of letters acros 
riads. ] 
Pee ge tiis. procedure may have 
i eu s ifferences in intra-S 
vb ie e to be obscured, such 
ut nnd ss tend to work for the 
dum n" instead of against it; 
ead be E received four tri- 
words) in his ic = oe ig? 
trigram would be favored b x is 
C Score conversion iba: 

.he mean thresh i E 
trigram, expressed e ix m ed 
scores, are given in Table 2 [on 
Lope of the means at the buta: 
umns revi : 
mean threshold pues ae f WE 
ep aeree org next lowest 
highest for the control Items. The 
mean threshold for each tigrar E 
treated as a score, and paired t icis 
between item types were sich 
using df — 11 for each test. Treati ; 
the data in this manner was i m 
conservative than other possible t on 
ments, but the / tests need 
were significant as follows: soma P 
able vs. control, p < .001; prono va 
able vs. meaningful, p < 01; Sit 
ingful vs. control, p — .05 io deat, 
the two larger differences send canis 
been significant with a sign test, 
Eleven of the pronounceable tri ri 
had lower thresholds than their E 
ingful counterparts, and all 19 um. 
nounceable ones were lower rel 
E 


The o 
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TABLE 2 


MEAN Tunis 


t PRIADS 
2 (SCORES FOR Ti 

irc i t IN (RECALL? 7 

IOLDS, RECOGNITION, AND Rieti Nite 


; TT RIGRAMS 
OF MEANINGFUL, PRONOUNCEARLE, AND CONTROL T RIGRAM ——— 
€ 
Meaningful | Pregame E 
-— | : . : mh recog. | Recall 
Trigrams | Thresh- | — i | Crtgtamis | Press ln | rear Pros d 
Taiamai recia {Recut | | oM | Re "BE 
| Pee) (ie me ——| | h AT t )3.7 a ) 
RKO | 45.2 91 | 68 | Kok | ALG G T2 pem 1.0 | ŠI n 
TA | 452 | 92 |76 | rev | 463 | 7 im mu | 484 | 50 |33 
IBM 45.8 95 | 51 | wm | 42.8 7 z | Mn 55.4 e 16 
Fat | 57.6 | 97 | 73 WE paa p BE pay p E [5x0 | m 5 
ABC | 483 | 98 | 83 HAC 349 | 80 | 81 ww | 65.3 | 39 15 
TWA | 52.6 95 | 83 | Taw 51.4 42 H y 1 50.2 62 | 50 
ILR 52.0 97 | 83 RIL 47.0 a | alk v | E 10 
wra | 57.9 | gt | 43 | war | 805 | 80 |51 is d WS Ife 
TKO 45.7 95 | OF TOK | 43.7 78 91 eo 19 3 
xyu | 47.8 | 100 | 61 | yes |471 | 92 |oo YS 38 | 51 
; 61.8 | 92 | 86 cr | 624 | 71 | 44 ie | 19 | 58.8 
582 | 85 |83 FAL | 49.6 | 87 |50 | t^ | am goes 
51.7 | 93 | 712 | 484 | 73 | 46.3 7 
5.6 | 5.4 | | | E 
| | 
ae cares 
š E j significant / 
their control counterparts. Seven of able and had no known si 
the meaningful 


items had lower 
thresholds than their control count- 
erparts. 

It seems clear that pronunciability 
was more powerful in ereating a unit 
of a three-letter group than was 
meaningfulness as defined in this 
experiment, if we accept lowness of 
perceptual threshold as an indicator 
of relative  unitariness (processing 
as a whole rather than as discrete 
elements). 

Four actual words were included 
among each S's stimulus items. 
Thresholds for the words, since they 
were both meaningful and pronounce- 
able, might be expected to be lowest 
of all the items. Such was the case 
(mean threshold = 45.0). 

Analysis of prethreshold responses.— 
The prethreshold responses of all 42 
Ss were examined in an attempt to 
classify errors. Only three-letter re- 
sponses were included. Two judges 
placed them in four categories: rea] 
words or names, initials or abbrevi 
tions, pronounceable trigrams, 
trigrams which were not pronou 


a- 
and 
nce- 


|. 32.9 70 
Words or names accounted ia were 
of the errors, 4.76, ol the " p were 
initials or abbreviations, hs : / A 
pronounccable trigrams, an 
were low in pronunciabilits i “ities 
ing. Although the probab 


are not known, there does v 
to be a set to look for ou inferen 
the perceptual task. TRE. cn 
was corroborated by Ss WP? 
tioned after the experiment: 

The contribution 
confusions to erroneous re tance fo! 
matter of considerable MET of wor” 
reading as well as for uem it is hare 
threshold experiments, Li One rer, 
to evaluate quantitatively- "e inc is 
son for the difficulty is p^ g 
ing of letter similarity ae 
from context. For examp onee s 
frequent prethreshold his pecats, 
trigram BAC was BAG. 2 pavi"? 
BAG is a real word, anC 7" 
perceived the first tw9 generates 
simply operating on He e adds Yot 
frequency principle when hesls is? 
G? Certainly this hypoth 


'-shapt 
of letter 574 


ses 
sponse 
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for other words 


entirely satisfactory, : 
highly 


such as BAR, BAT, and BAD are 
probable for this population, but were 
On the other hand, 


never emitted. i 
most confusable 


Cand Gare two of the 
letters of the alphabet. . 

In an effort to assess the influence 
of confusions due to letter shapes, = 
the single-letter errors were collectec 
in a confusion matrix. Only those 
errors which could be unequivocally 
located in the matrix were counted 
(no one- or two-letter responses were 
counted unless S had inserted dishes 
to make position in the a ie 
letter group clear). The resu s 
matrix is not, of course, a proper one 
for studying letter confusability P 
Such, but fortunately a matrix b- 
tained under the most careful cani ; 
tions with children, using the poe 
type font, was available al wis 
parison, Of the five most ed te 
letter confusions found eng ane 
threshold responses, tOUr e d "is 
the frequent confusions made n 
children (c with G, € with On” : ann 
M with n). Examples of item diee 
ing a number of these confusions < pa 
ABO FOR Anc, AOB for AGB. er 
ATW, nip for MIB, YM! " e 
When the structure of m : me 
allowed, it seems clear i dn et 
Shape influenced S's enous ae 
Sponses as well as his annie D i 

In analyzing errors, 2 a Wen De 
also made of errors 10 re a ek 
Position of the letter in the trig E 
Zrrors were most frequent ES the 
middle letter, slightly less "iren 
third, and least for the first... sing 
accuracy for the first letter sh d 
expected from S's reading ha x = 
from previous research (see te 
1957; Pillsbury, 1897). But acc. 
on the first letter was by no Mme > 
Perfect. In considering the grigia 
Which had a higher frequency ©" 
errors on the first letter, and com 


paring them with their counterparts, 
the influence of letter shape is de- 
tectible. For instance, for the trigram 
CIF, errors were most on the first 
letter; for irc, they were most on the 
third; and for 1cF they were most on 
the second, with progressively greater 
frequency in the three cases. There 
appears, therefore, to be an inter- 
action of position and letter shape. 

Retention measured by recognition. — 
The percentage of Ss that recognized 
each trigram correctly may be seen in 
Table 2. The strong trend of the 
threshold results, for pronounceable 
items to have an advantage over 
meaningful ones, .is reversed in the 
recognition scores. Meaningful tri- 
grams are recognized correctly more 
often than both pronounceable and 
control ones (94% vs. 73% and 58%) ; 
pronounceable more often than con- 
trol ones (73% vs. 58%). All the 
differences are significant by a sign 
test (Pp < .01, two-tailed), 

The errors of recognition (marking 
an item as recognized when it was 
not a member of the list exposed to S) 
were analyzed to see if any of the 
three types of trigrams predominated. 
Most meaningful items were mis- 
recognized (193 errors), control items 
next (173 errors), and pronounceable 
ones least (157 errors). Although 
these differences are not large, the 
trends were the same in the various 
subgroups of Ss. Thus, meaning 
seems to have an advantage for 
recognition, measured by number of 
items correctly marked as recognized, 
but it is also associated with more 
frequent errors. Pronounceable items 
are recognized correctly more fre- 
quently than control ones, and are less 
often misrecognized. The higher fre- 
quency of checking the meaningful 
items, whether correct or incorrect, 
could therefore be due to a category 
set (looking for initials) which de- 
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PERCENT CORRECT 


3 


2 
TRIALS 


Fic. 1. Recall curves for three types of 


trigrams (Meaningful, Pronounceable, and 
Control). 


veloped as S saw the list. But the 
advantage of pronounceable over con- 
trol items (more chosen correctly and 
fewer chosen incorrectly) seems more 
likely due to their being perceived as 
units at the time of exposure. Struc- 
tural cohesiveness due to pronuncia- 
bility as a monosyllable gives S only 
one item to remember instead of three 
discrete letters. 

Retention measured by recall.—The 
percentage of items recalled correctly 
on the first recall trial is presented in 
Table 2. It was highest for meaning- 
ful items, next highest for pronounce- 
able items, and lowest for control 
items. The differences are significant 
by a sign test (two-tailed) as follows: 
meaningful vs. pronounceable, p <.04; 
meaningful vs. control, p < .001 ; pro- 
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nounceable vs. control, p 23 201. 
After the first recall trial, the differ- 
ences between the three types of item 
decreased, as Vig. 1 shows. This 
trend is attributable to the fact that 
the number of meaningful items: Ke” 
called correctly did not increase alter 
Trial 2. — 

All the errors (incorre i 
written in the recalls) were tabulated 
and examined for evidence of os 
ing" by category influence. n “a 
category membership (belongme 
the class of “initials”’) is important e 
recall was suggested by the appear 
ance of items such as YNU in a j^ 
arranged form, Nvv, in the ma 
Evidence of a category set is als 
clear in importations such as FDR. "m 

The errors are classified in T A 
Two judges agreed on the classifica” 
tions. A test of the differences 
between observed and expected E 
ber of rearrangements to the re 
categories yields a x? of 65.7 W! : 
df = 3. This is significant at bette 
than the .001 level. 

It is interesting that there were fat 
more rearrangements to initials thar 
to any other category, including ren 
words. There were 44% as many 
opportunities for word errors as 1° 
initial errors, but only 3% as wg 
errors. The Ss observed, as the * 
was exposed, that there were no " 
words but that there was a grouP kê 
initials, and in recalling tried to ma^ 


items 


TABLE 3 
ANALYSIS OF RECALL ERRORS 


Type of Error 


Rearranged to real word 
Imported real words 
Rearranged to initial cate 
Imported initials 
Rearranged to pronounceable 
Imported pronounceable 
Rearranged to control type 
Others 


gory 


Example m— Expected 
CAB 1 4.6 
icr to irc 5 104 
EF to RIL ks 21.6 
s to LRI n 26.4 
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use of this knowledge. Of the 35 
cases of rearrangement to the initial 
category, the item rearranged was 
more often a control item than a 
pronounceable item (28 to 7), sug- 
gesting that the pronounceable items 
Were more resistant to rearrangement. 
There were few rearrangements to 
pronounceable errors. With 265% as 
many opportunities for pronounceable 
errors as for initial errors, there were 
54% as many errors. The pronounce- 
able errors were not many more than 
Were rearranged as the control type. 
With 10595 as many opportunities, 
there were 136% as many pronounce- 
able errors as control errors. i 
Category of pronounceable rs 
lables is no doubt too large to ai 
much in recall. Of the errors which 
Were not real words or rearrangements 
of items exposed, a large number was 
Pronounceable. They were um 
Cases of one letter changed. from = 
item exposed, such as EN ior edi 
Toc for TOK, and BAK for BAC. 7 sven 
apparent from some of these e a 
that S had remembered the sounc 5 E 
monosyllable and was misspelling 1t. 


DISCUSSION 


è verbal units— 
an dini curhutcs OF verbal 
Two characteristics were com- 


Pronunciability and meaning 7 d both 
Pared in these experiments, eed to a 
Were found to give an pesos an 
Sequence of letters for wing fact 
remembering. But the str ancy be- 
which emerged is the ee a those 
tween the perceptual results à ete m 
for retention as regards en should 
effectiveness of the two. E o here 
Pronunciability be more peso but 
in structuring units for rea! tention? 
meaningfulness be better for ds t "lan- 
Miller (1962) has pointed out SII cading 
fuage must contain some m t these 
Units of finite length. But W s being 
Units are for an articulate m stery 
still remains something 0f 2 optimi 
p. 81].” It is possible that the oP 
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coding units—or grouping principles— 
for one task are not optimal for another. 
An analysis of S’s task in the two 
situations may help. 

In the perception of written language, 
the perceiver must code the stimulus 
material into units of spoken language— 
that is first and foremost the reading 
task. But we do not speak in letters; 
we speak in syllables, words, and larger 
functional units. A letter name is itself 
a morpheme, not an element of a speech 
unit. Since the reader must code the 
written letters into functional speech 
units, pronounceable letter combinations 
will obviously facilitate his task. But 
the kind of meaning present in IBM 
creates three units for reading rather 
than one. 

In the recognition and recall tasks, on 
the other hand, the stimulus items have 
already been read (coded into speech 
units). The task now is to hang onto 
them—store them for future "retrieval." 
Much recent research has demonstrated 
that coding for retrieval is most efficient 
when the items are subsumable under a 
known and "exhaustible" category (see 
Cohen, 1963). The category of pro- 
nounceable trigrams (if it could be called 
a category at all) is so large as to be of 
small help in retrieval. In other words, 
pronunciability is of the utmost help in 
structuring a unit—grouping the letters 
into a single item—but it is of little help 
in grouping these items under a single 
address. When larger linguistic struc- 
tures are possible, such as phrases or 
sentences, they obviously operate to 
facilitate retention. But linguistic struc- 
ture can help no farther than the single 
syllable unit in the present experimental 
situation. 

On the other hand, the class of “well- 
known initials" does provide a common 
category for grouping items in storage. 
It provides a coding principle for reten- 
tion, and that Ss used this principle is 
clear. In recognition, more of the mean- 
ingful items were checked than any 
others, whether right or wrong. And in 
recall, Ss demonstrated use of the initial 
category by errors of rearrangement, 


Underwood and Keppel (1963) found 
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that if an S "encodes" a nonsense syl- 
lable into a word and must “decode” it 
again in recall to the original syllable, 
performance is inhibited, rather than 
facilitated. In the present experiment, 
failure in decoding can be inferred to be 
responsible for the errors of rearrange- 
ment in recognition and recall. The 
parallel facilitation in both recognition 
and recall can then be inferred to be the 
result of grouping the "initial" items 
actually presented into one category, 
from which they were retrieved at the 
time of recognition or recall. 

Consider now the question of response 
"integration." Meaningful items pos- 
sessing high “generated frequency" seem 
to exemplify, maximally, integration by 
associative frequency. But one cannot 
conclude that the better retention of 
these items over pronounceable ones 
proves the greater effectiveness of asso- 
ciative integration. These items did not 
have much advantage over control ones 
as units in perception, and their ad- 
vantage over pronounceable ones in re- 
tention can be accounted for by S's 
tendency to group them into a useful 
category. It was thus not only their high 
letter-sequence associations but the possi- 
bility of grouping them under one head- 
ing that made the difference. It is 
interesting to note in this connection that 
nonsense syllables (paired associates) are 
harder to learn when they are spelled out 
than when they are pronounced as units 
(Rock & Steinfield, 1963). It is possible 
that initial responses are integrated by 
associations between the letters but the 
present results can be explained plausibly 
without such a principle. That pro- 
nunciability confers unity is supported. 
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ACQUISITION AND RETENTION OF CONSISTENT 
ASSOCIATIVE RESPONSES * 


LEO POSTMAN 


University of California, Berkeley 


The effects of pre-experimental language habits on the acquisition and 


retention of consiste 
investigated. A varia 
learning was used in which S is req 
each of à 
after. Words of high. medium, 
as stimuli. Practi 
sistent responding, 
tested 30 sec. O 
creased 
tention ove 
frequency. 
positive and 
of the meaning! 


and retentior 


ra 48-hr. period w 


negative trans 
fulness of t 


When the materials in a rote- 
learning experiment consist of words 
in S's language, pre-experimental 
associations elicited by the items in 
the list may serve as sources of both 
facilitation and interference: To the 
extent that the prescribed associations 
conform to the learners language 
habits, unit-sequence facilitation will 
result, As the new associations di- 
Verge from prior language habits, 
Unit-sequence interference wil de- 
velop. Both unit-sequence facilitation 
and interference may be expected to 


Increase with the meaningfulness o 
The larger the 


the items in the list. t 
number of different associations which 
an item acquires through linguistic 
usage the more readily it can be linked 
With other items, either directly oF 
through short mediational chains. 
At the same time, however, the 
àmount of interference during ac- 
quisition and retention may be ex 
Dected to increase with the number of 


1 This rese. " ted by à grant 
search was suppor 3 
m the National Science Foundation and 
sigo tract Nonr 222 (90) between the unis e 
Re, of California and the Office of Aave 
esearch. 


r 48 hr. after learning. 
and then decreased as à function of stimulus frequency. 
as high but varied inversely with stimulus 
The results provide evidence for correlated increases in 
fer effects of language habits as a function 
he stimulus terms. 


nt associative responses to word stimuli were 
int on the standard procedure of paired-associate 


uired to provide his own responses to 


ries of stimuli and to use these responses consistently there- 
l and low frequency of usage were used 
ce was continued to a criterion of 3 trials of con- 


the terminal associations was 
Speed of acquisition 1st in- 
Re- 


1 of 


pre-experimental associations which 
can compete with the prescribed con- 
nections. These dual and opposed 
effects of pre-experimental habits have 
been described as the interference 
paradox of associative probability 
(Underwood & Schulz, 1960, p. 46). : 

In the acquisition and recall of 
paired associates, correlated increases 
of unit-sequence facilitation and inter- 
ference should occur as a function of 
the meaningfulness of both stimulus 
and response terms. The relative 
amount of interference may, however 
be expected to grow more rapidly 
with increases in stimulus than re- 
sponse meaningfulness. Since paired 
items are likely to be practiced in the 
order of their presentation, competing 
associations elicited by the stimuli 
should be more effective in interfering 
with learning and recall than those 
evoked by the response terms. In 
accordance with these expectations 
it was found in a previous study 
(Postman, 1962) that speed of learn- 
ing first increased and then decreased 
as a function of stimulus meaningful- 
ness but varied directly with response 


183 


184 


meaningfulness. Recall after 1 wk. 
was not influenced by response mean- 
ingfulness whereas the effects of stim- 
ulus meaningfulness paralleled those 
in acquisition. It was concluded that 
long-term recall was significantly in- 
fluenced by the recovery of competing 
associations elicited by the stimulus 
terms. 

When a specific response is pre- 
scribed for each of the stimuli in a 
list, as is the case in standard paired- 
associate learning, the number of pre- 
experimental language habits which 
are activated in the course of learning 
is likely to be limited. The range of 
responses emitted by S during the 
acquisition of a rote series is severely 
restricted by the operation of a 
"selector mechanism" (Underwood & 
Schulz, 1960, pp. 143 f.), i.e., S con- 
sistently confines his responses to 
items from within the list. As a 
result, facilitation and interference 
during acquisition and recall will be 
determined largely by pre-existing 
associations among the items in the 
list. The potential influence of pre- 
experimental language habits becomes 
less restricted in a situation in which .S 
is free to generate his own responses to 
a set of stimuli, with the requirement 
that the responses be used consistently 
from trial to trial. Such a procedure 
was first used by Mattocks (described 
by Underwood & Schulz, 1960, pp. 
273-278). In that study Ss were in- 
structed to give three-letter words as 
responses to each of a series of tri- 
grams of low meaningfulness; practice 
Was continued to two successive 
perfect trials. In the absence of 
pre-experimental associations to the 
stimuli the task proved to be difficult. 
Although Ss’ responses tended to be 
of high frequency of usage, the asso- 
ciations to the stimuli of low meaning- 
fulness were quite unstable and were 
changed repeatedly in the course of 


LEO POSTMAN 


practice. By contrast, it was found - 
a subsequent study by Postman a 
Stark (1962) that consistent sets ni 
responses were generated very rapit 5 
when the stimuli were English Ww pe 

The present study rae pee 
acquisition and retention of a Se se 
consistent associative responses y a 
function of the meaningfulness of rs 
stimulus words. The procaine e 
veloped by Mattocks, which e Ps 
designated as the Method of e: 
ated Responses (MGR), was d 
Our analysis of the role of assoc of 
probability leads to the sxpesatu a 
dual and opposed effects of incre S: 
in stimulus meaningfulness. panem 
strength of pre-experimental ipee 
tions and amount of response €: 
petition are assumed to be nate 
an inversion in the relationship a 
tween meaningfulness and po 
ance is expected in both acquis! 1 
and retention. 


METHOD i 
Materials.— he stimulus series consi 
of 12 two-syllable nouns. There were low 
lists each of words of high, medium, prd 
frequency of usage (Lists HF, MF, and ey 
These lists were drawn from three freque! it 
ranges in the “L” count of Thorndike 2 
Lorge (1944): 1,000-3,300, 10-33, and 
occurrences in 4.5 million, "The mean "d 
values and rated familiarity of the AO 
which were obtained in prior standardiza të 
procedures, are correlated with wor T 
quency, The words were chosen so mong 
minimize pre-experimental associations a! are 
the items in each list. Norms of free eS lenti 
tion, based on the responses of 1,000 stu d for 
at the University of California, were use ^ 
this purpose. There was no duplication: sts 
first letters in any of the lists. The two 
at each frequency level were used equ 

n. wipes 
uo m MGR the experimental ar 
rangements are the same as in stan the 
paired-associate learning except puppe 
response side of each “pair” is left m an 
A 2:2 rate of presentation was used, S the 
intertrial interval of 8 sec. The rise i the 
shutter after 2 sec. signaled the end © 


m 


[o 


: determined level of consistent respont 
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response interval, just as it does in the 
standard procedure. Thus, S was exposed to 
the stimulus term for 4 sec., but was required 
to respond during the first 2 sec. of the cycle. 
The Ss were informed that they had to decide 
on a different response to each of the stimulus 
terms and that they were to continue giving 
the responses which they had chosen. While 
it was permissible to change responses, 


Practice would be continued until a pre- 
ling had 


been achieved. No correction was given 
during practice. 

Five different orde e 
used to minimize serial learning. 
these orders was used as a starl ; 
equally often. Practice was continued to a 
Criterion of three successive trials of con- 
Sistent responding. " 

Retenen pia tested by recall and e 
learning either 30 sec. oF 48 hr. after the m 
of original learning. The Ss were d 
to try to give the responses which they hae 
used on the criterial trials in original learning: 
The Ss were reminded of the procedite en. 
in acquisition and were urged era mie 
last response they had given to each o a 
stimulus words. Again no Cae " 
given. — Relearning was continued, s 
Criterion of three consistent trials or fo 
trials, whichever took the longer. ( lists and 

Subjects —With three kinds o! ds E s 
two retention intervals, there Were six Sidhe 
of 20 Ss each. The Ss were undergrac e 
Students who had English as ur ith 
anguage. They had no prior experien dep 
MGR but were not necessarily. veda hs 
rote-learning experiments. he 2^ LS 
Signed to conditions in blocks of 6, w ue 
Der block for each combination of ma ane 
tention intervals, The running or: un ae 
€ach block and the assignment to Pans 
and running orders were determina Dy riction 
of a table of random numbers, wit 5 S al 
to equal Ns. No Ss were lost pecat? 
ailure to learn. 


rs of the stimuli were 
Each of 
ting order 


RESULTS 


Acquisition.— T he 30-sec: 2 nd pa 
&roups did not differ significan bine 
Original learning. FOY the oe to 
£roups, the mean numbers of trie E 


the criterion of three consistent AE 
tions were 8.38 (SD — 4.44) | MF, 


F, 6.10 (SD = 2.21) for List * 
and 7.00 (SD = 2.95) for 


: and 
Deed of mastery first increased 


then decreased as a function of the 
word frequency of the stimulus terms. 
The effect of word frequency is 
significant beyond the .01 level, 
F (2,117) = 5.00, after log trans- 
formation to remove heterogeneity of 
variance. 

The mean trial of the first associa- 
tive response to the stimulus terms 
was 1.26 (SD = .25) for List HF, 1.36 
(SD = .39) for List MF, and 1.39 
(SD = .45) for List LF. The corre- 
sponding values for the first occur- 
rence of the association used on the 
criterial trials were 1.50 (SD = .40), 
1.53 (SD = .63), and 1.58 (SD = .84). 
The three types of lists do not differ 
significantly by either measure, al- 
though it should be noted that the 
variability increases as the word 
frequency decreases. The absence of 
substantial differences in the time of 
initial occurrence of associations in- 
dicates that speed of mastery was 
determined primarily by the amount 
of oscillation from trial to trial, 
ie. the stability of the associative 
responses. An analysis of the errors 
during acquisition supports this con- 
clusion. 

Errors during acquisition.—The er- 
rors made on the acquisition trials 
were classified into three categories: 
(a) failures to respond, (b) intralist 
errors, and (c) drop-out errors. For 
purposes of this classification the 
responses on the criterial trials were 
considered as analogous to correct 
responses in standard paired-associate 
learning. On this basis an intralist 
error for a given stimulus term was 
defined as an association which was 
not used on the criterial trials and 
which occurred as a response to 
another stimulus at least once. Re- 
sponses which were given to only one 
stimulus term and which were not 
retained on the criterial trials were- 
classified as drop-out errors. Table 1 
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TABLE 1 
MEAN NUMBER OF OccURREN 
or DIFFERENT TYPES oF 


5 PER TRIAL 
SRRORS 


aiir ces L3 
List | Rates || Intralist | Dror-Out | Overt ferror 


.36 48 


HF 


Li 35.9 
MF 1.54 ob? A8 21.3 
LF 1:55 24 12 22.9 


shows the mean numbers of occur- 
rences per trial for each class of 
errors. 

Failures to respond tended to occur 
less often for List HF than for Lists 
MF and LF, but the differences 
among the groups are not significant. 
The rate of intralist errors first in- 
creases and then decreases as a 
function of word frequency, just as do 
the numbers of trials to criterion. 
The variation in the numbers of 
intralist errors per trial is significant. 
by the median test which was applied 
in view of the skewness of 
tributions, x? (2) = 7.82, p « .02. 
Drop-out errors were more likely 
during the acquisition of Lists HF and 
MF than of List LF but the differences 
are not significant. Thus, there is a 
reliable effect of word frequency only 
on the rate of occurrence of intralist 
errors. The rank orders of the condi- 
tions for the different classes of errors 


the dis- 


indicate that a larger proportion ol E 
errors were overt responses for UA 
HE than for the other two lists. 1 i 
mean percentages that intrise ene 
drop-out errors were of all error pt 
shown in Table 1. There is ac en 
separation. between List Ht on On 
one hand and Lists MF and LI on à 
other. The variation in penceng 
is significant by the median test, 
x'Q) = 10.07, p « -0i — oe 
Distributions of associations. — m y 
the course of learning in MGR e 
assumed to exhibit the influence i: 
pre-experimental habits, it pe m 
important to determine to A. E 
extent the responses in acquisition 
reflect Ss’ habitual associative hier 
archies. The distributions of d 
sponses in MGR were riore 
against the norms of free associatit ; 
for the stimulus terms. lable E 
presents the mean percentages ` 
occurrence of different first response 
in MGR as a function of the rank o 
these responses in free association. 
The normative percentages are in- 
cluded for purposes of comparison: 
The MGR distributions are based on 
the responses of 40 Ss whereas the 
norms of free association were ob- 
tained from 1,000 Ss, . 
The distributions of responses os 
MGR agree quite well with th 


TABLE 2 


RANK-FREQUE 
AND OF FRE 


CY FUNCTIONS Or First RESPON 
ASSOCIATIONS TO STIMULUS ' 


is IN MGR 


List HF List MF List LF 
Rank 
MGR FA MGR FA | MGR Lo 
1 28.3 26.5 314 25.3 32.7 23.8 
2 15.0 10.7 12.7 119 10.0 12.8 
3 6.7 6.3 5.2 73 7.5 74 
4 7.5 51 4.8 52 4.6 4.8 
5 2:9 40 19 35 1.9 3.4 
>5 29.1 47.3 321 46.8 28.3 484 
News 10.4 11.9 ` 15.0 
a Not in tables of association norms, 
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normative rank-frequency functions. 
For each of the three lists, however, 
the percentage of primaries is higher 
in MGR than in the norms. This 
discrepancy is more pronounced for 
Lists MF and LF than for List HP. 
For the secondary response only List 
HF shows a clear discrepancy 1n the 
same direction. Thus, the bias to- 
ward associates of high rank appears 
to be present in List HF but influences 
secondaries more 


the percentage of 
than that of primaries. —, ` 
It is likely that Ss in MGR favored 
associates of high rank because the 
apparent strong connection between 
such responses and the stimulus ter ms 
might be expected to aid retention: 
If such a strategy Was indepen, 
pursued, it probably had only limite 
effects on the speed of guns oe 
The correlation between the mo 
of primaries given by 5 QE Men 
associations and trials te y epe 
was —.08 for List HF, —04 p? LE 
MF, and —.36 (p € .05) tor ed ted 
Thus, the use of primaries facilita » 
learning to a moderate degree on Y 
for List LF. This finding 1s 1 et 
ment with the results of an Lone 
Study (Postman, 1962) which p re- 
that the associative rank of on of 
Sponse terms influences ud the 
Daired-associate learning adus terms 


Word frequency of the stim 


is low but not when it ' ^ first 
The changes betwee" g on the 
associations and those, used vtm 
criterial trials were classified accon ® 
to the direction of change s m ong 
tive rank as (a) upward a 
response of higher probabili n o 
dawawa dits t 2 EP s. 
lower probability, and (c) serae 
ane in probability- Ehe ET and 
of upward shifts were 24, LF, re- 
1D for Listg HF, M. 995 ae 
Spectively. The corresponding 


: vts i 
bers of downward shifts were ^^ 


N 


and 15. The numbers of invariant 
cases were 0, 3, and 7. The occur- 
rences of upward and downward shifts 
were approximately balanced. These 
terminal shifts represent, of course, 
only a part of the associative changes 
during learning. More than two 
responses were given to some stimuli; 
in other cases the initial response was 
displaced temporarily and reinstated 
on the criterial trials. However, as 
the terminal shifts indicate, there was 
no systematic trend toward a change 
in the ranks of the associates. 

Word frequency of responscs.—While 
the rank-frequency functions for the 
three lists were comparable, there 
were clear differences in the word fre- 
quency of the responses given to the 
three sets of stimulus terms. The 
mean log frequency of occurrence of 
the terminal response words in the 
“j” count of Thorndike and Lorge 
(1944) was determined for each S. 
'The means of these distributions were 
2.84 (SD = .25) for List HF, 2.42 
(SD — .36) for List MF, and 2.25 
(SD = .34) for List LF. The differ- 
ences among groups are significant 
beyond the .01 level, F (2,117) = 13.44. 
The relationship between the word 
frequency of the stimuli and of the 
responses is direct whereas speed of 
acquisition first increases and then 
decreases with stimulus frequency. 
It is apparent, therefore, that the 
variations in rate of learning are not 
a simple function of the word fre- 
quency of the responses and are sig- 
nificantly influenced by the associative 
probabilities of the stimulus terms. 
It is not possible to say whether the 
word frequency of response and stim- 
ulus terms interacted to determine the 
course of acquisition. The absence of 
significant correlations within groups 
between word frequency of responses 
and number of trials to criterion 
indicates, however, that there was 
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TABLE 3 


D E MBERS 
Mean NUMBERS OF RESPONSES RECALLED AND Mi AR Nt 
OF TRIALS IN RELEARNING TO CRITERION 


30-Sec. Test 


48-Hr, Test 
B Trials in RL 
D Recall Trials in RL, Recall Trial ee 
zip a SD 
M SD M SD | SD i | —— 2 
s ———— | nc Recon 1.93 
= 98 4.70 Bk 
è 1.85 36 3.55 1.36 c Std 59 
ME 1193 22 3.45 29; F4 aA T 
LF 11.95 22 3.20 .60 | ja EAA 


probably no such interaction. These 
correlations were .13, .21, and -407 
for Lists HF, MF, and LF, respect- 
ively. The word frequency of the 
responses was high for all lists 
variations within the upper r: 
frequencies are not likely 
important effects on acquisiti 
Recall.—The me 


, and 
ange of 
to have 
on. 

an numbers of cri- 
terial responses recalled after 30 sec, 
and 48 hr. are shown in Table 3. The 
most striking feature of these results 
is the extremely high level of reten- 
tion. Recall is virtually perfect after 
30 sec. There are small losses after 
48 hr. which vary inversely with 
stimulus frequency. The largest loss, 
which is for List HF, is less than one 
item. Although the differences in 
forgetting are quite small, they are 
Statistically significant. Analysis of 
variance of the recall scores (following 
a Freeman-Tukey square-root trans- 
formation) yields F (2, 117) = 3.08, 
b «.05. The majority of the errors 
at recall were failures to respond. 


After 48 hr., these account for 13, z. 
and $ of the items forgotten from 


Lists HF, MF, and LF 
The probability 
Sponse being forgo 
with the stability 
uring acquisition. 
assessing this relatio 
learned by each S 


» respectively, 
of a criterial re- 
tten should vary 
of the association 
For purposes of 
mship, the items 
were divided into 


iations 
two categories: (a) stable aane pelt 
for which the response remaine id 
changed from the initial to the crit for 
trial, and (b) unstable associations ns 
Which associative shifts da^ c pron 
occurred during practice. The (o d 
were pooled for all Ss tested P gor 
given type of list after 48 hr. sd 
List HF, 4.3% of the stable items gam. 
11.4% of the unstable items W er- 
forgotten. The corresponding PC" 
centages for List MF were 2.0 and *] n 
for List LF they were 0.6 and 3.1. ^ 
each case the percentage of losses fs 
lower for stable than for unstab £ 
items. This relationship paralle d 
that between number of reinforce 
ments and retention in convention 
studies of rote learning. at 
Relearning.—The mean numbers B. 
trials in relearning to a criterio ing 
three trials of consistent respoñr e 
are shown in Table 2. Relearning za 
extremely rapid, and the differen a 
among conditions are again: de. 
small. An inverse relationship 
tween word frequency and spot pill 
relearning is, however, found on ffect 
retention tests. The overall € nt, 
of word frequency is a pee a 
F (2,117) = 5.55, p < .01, after 
transformation. The interaction 
Word Frequency with Time Inter 


falls short of significance, F (2, 1 
— 2.85. 


val 
17) 
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DISCUSSION 
The speed with which . consistent 
associative responses are generated by 5 
first increases and then decreases as a 
function of the word frequency of the 
stimulus terms. This relationship paral- 
lels that obtained in standard paired- 
associate learning (Postman, 1962) and is 
assumed to reflect the dual and opposed 
effects of associative probability. Ac- 
cording to this interpretation, the abs - 
lute strength of pre-experimental se t 
tions increases with word frequency ut 
so does the amount of competition meee 
alternative responses. The U He 
relationship between word fiue cp 
speed of acquisition is consistent nu 
assumption that unit-sequence 1 
ence increases 2 san 
unit-sequence facilitate! e- 
While the rate of acquisition m i 
ls snore rapid thaw id Bre CORNER o 
procedure, there are importan, s of 
larities between the characteristic 
performance in the two situations Jo. 
though the responses cage iven in 
and no reinforcements "S A cen 
MGR, Ss tended to ir i associa- 
responses largely to their initia a a 
tons. As a result, shifts 1n the Eum " 
eliciting these initial our shifts 
major source of uw ] responses 
are equivalent to misplacec learning. 
in standard paired-associate described 
"Thus, the selector mechanism 0 am 
by Underwood and : 
143 f.)—S's tendency to limi 


responses to items wih iue ee 
appears to operate Lg A nily prob- 
structions to respon o ‘hich they 


ably led Ss to reject re 
recognized as new. — 

After the criterion of eoi retention 
sponding hee beer ee emely high. 
over a 48-hr. period was extret erference 
This finding suggests, that om by 
at recall was ely T 5 n 
differentiation, i-€- 
ang y cor ifferentiation 
rect responses. Degree of er adit the 
B oseumed to va direet Y competing 
absolute strengths 9. em difference 
responses as well as with th 
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in their strengths (Underwood, 1945). 
At all levels of word frequency the 
associations generated in MGR are, by 
the very nature of the experimental 
situation, relatively high in the learner's 
hierarchy. Nevertheless, as the errors in 
acquisition indicate, Ss' initial responses 
are subject to competition from alterna- 
tive associations. Once a set of high- 
strength associates has achieved domin- 
ance, however, there should be maximal 
differentiation at recall. The fact that 
most of the errors on the test of recall 
were failures to respond indicates that 
Ss were, indeed, successful in discriminat- 
ing between correct and incorrect asso- 
ciations. With highly available responses 
the rejection of an error may well allow 
sufficient time for the substitution of the 
correct association. 

The small amounts of forgetting which 
did occur were inversely related to the 
word frequency of the stimulus terms. 
These losses are attributable to the 
recovery of competing associations and 
failures of differentiation. With practice 
carried to a high criterion, initial differ- 
ences in unit-sequence facilitation are 
minimized, and the retention losses 
reflect directly the increases in unit- 
sequence interference as a function of 
word frequency. These results are 
consistent with the earlier finding that 
high-probability associates learned under 
standard conditions are retained better 
when the word frequency of the stimuli 
is low than when it is high (Postman, 
1962). 

Two features of the present results 
should be emphasized in conclusion: 
(a) When Ss are free to choose their own 
responses to stimulus words varying 
widely in frequency of usage, the pattern 
of differences in acquisition and recall is 
consistent with the assumption of cor- 
related increases in unit-sequence facili- 
tation and interference as a function of 
meaningfulness. Thus, the present re- 
sults support the interpretation of earlier 
findings obtained in standard rote- 
learning situations. (b) The pattern of 
errors in learning and recall as well as the 
uniformly high level of retention add to 
the mounting evidence (cf. Postman, 
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1963) for the effectiveness of the selector 
mechanism in limiting the range of 
alternative Tesponses and of the mech- 


anism of differentiation in reducing 
interference in recall. 
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The effect of a re 
absolute threshold for 
measured by the meth 
test stimuli and intenst 
tioning shock raises 
effect. increases Wit 
times between the 
inhibitory phenomena W 
impinge upon diffe 
mechanism for expla 
tory pitch may drop w 
stimulation. 


Schmid (1961) reported that a gu 
ing shock to one finger raises the absolu 
threshold for a test shock to another finger pñ 
me hand. The “inhibitory effect dy 
intensity of the conditioning s hock 
ind as time or distance b P 
two stimuli increases. Uttal (1960) foun’ a 
Somewhat similar effect, upon varylng ad 
tance between stimuli. The presen! repor 
describes a limiting case of Schmid ser ei 
ment, where both stimuli are delivere¢ A 
Same finger. This spatial arrangeme E 
stimuli should produce @ very strong 
hibitory effect. 

Method.—Schmid has 4 
and stimulating equipment. 
des conditioning and : 

Chvered he two mos dem 
of the T ote finger; the acp em 
Proximal, A small box with @ row e : 
Push-button switches and à yellow i 
ight lay at S's right hand. | Dig pe t oai 
Was on at the start of each trial. i e "s 
ready, he pushed the middle swi d 4 
thereby turned off the green light, tura lus 
the yellow one, and then received ae e 
5 sec. later. "phe Si signaled that sauce 
did not feel the test shock by Lemos] 
respectively, the left-hand oF ar 
Switch, After recording S'S response Le. 
Ie intensity of the test shock for Les 
‘rial and then turned off the yellow lig 
turned on the green one. m m 
Phe method of limits was Use as 
absolute thresholds for the test snack ee 
and for the test shock preceded by ae 
Grants ntal Health. 


This work w: 1 by 
M. s work was supported * 
1-5286 from the National Institute of 


escribed electrodes 
zor this experi- 
est stimuli were 

distal phalanges 


ethod of limits. 
ty of the former were parameters. The condi- 
the threshold for the test shock; this “inhibitory” 
h stronger conditioning shocks and with shorter 
imuli. The effect is more striking than similar 
hich occur when conditioning and test stimuli 
rent cutaneous loci. 
yining Békésy's observation that subjective vibra- 
ith increased frequency or intensity of repetitive 


SMPORAL INTERACTION BETWEEN ELECTROCUTANEOUS STIMULI? 


ROSNER 


Yale University 


ctangular electrocutaneous conditioning shock upon the 
a subsequent test shock to the same locus was 


Time between conditioning and 


These findings suggest one 


conditioning shock. Each experimental ses- 
sion consisted of eight ascending and eight 
descending series in counterbalanced order; 
the conditioning shock occurred on even- 
numbered series only. Intensity (4.0, 8.0, or 
16.0 ma.) of the conditioning shock and time 
between conditioning and subsequent test 
shocks (30, 50, 75, 100, 125, 150, 175, 200, 
250, or 500 msec.) were fixed for each session. 
Different combinations of intensity and inter- 
shock interval (At) were used for different 
sessions. Preliminary observations were 
made on six Ss, of whom two were selected 
for extensive studies. These two Ss received 
12 additional practice sessions before the 
main experiment. 

Results and discussion.—Preliminary ex- 
perimentation confirmed the presence of a 
strong inhibitory effect in all Ss. Results for 
the two Ss used in the main experiment 
appear in Fig. 1 and 2. The ordinate in each 
figure is the difference between the threshold 
for the test shock preceded by the condition- 
ing stimulus (Irc) minus the threshold for the 
test shock alone (Ira). The abscissa is time 
between conditioning and test shock (At) and 
the parameter is intensity of the conditioning 
shock (Ic). 

The absolute threshold for Subject TA 
(Fig. D) was 1.97 + .22 ma. over the course 
of the experiment. This S showed no differ- 
ence between ascending and descending de- 
terminations of Ira but did show a statistically 
significant ($ < -01 by Wilcoxon's matched 
pairs test) error of anticipation of 0.02 ma. in 
determinations of Irc. Since this was about 
1% of his absolute threshold, which always 
was equal to or below Irc, data for ascending 
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T. A. 
CONDITIONING SHOCK 
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o-a 16 z 
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o o v on ono Q S 
" 9? 5 onbre E © 


At (MILLISECONDS) 


Fic. 1. Results for Subject TA, 
(Explanation in text.) 


and descending series were combined for 
further analy Application of the Mann- 
Whitney U test showed that Iro exceeded Ira 
at all intensities up to a t of 150 msec, 
(b < .01). At larger values of At, there were 
scattered instances of significantly elevated 
values of Irc. The magnitude of the effect 
at these delays, however, was quite small, 
At intervals below 30 msec., S could not 
discriminate two shoc 
Subject JW 

threshold of 1.55 


owed no 
abituation or anticipa- 
exceeded Ip, at a .01 
better for all values of 
The differences were not 
gest delay. This S could 


tvals below 30 msec, 
The rise in 


the absolute threshold for a test 
shock induced bya conditioning shock to the 
same locus is larger and More enduring than 
that found by Schmid for Spatially diverse 
stimuli, The phenomenon drops out as time 
between stimuli increases; apparently, the 
slope of this decrease varies between Ss, 
Increased intensity of the condi 


I i tioning 
stimulus heightens the in 


hibitory effect at 
short At's, 

These findings confirm and extend previous 
reports of 


1 temporal interactions in somes- 
thesis, They also may provide some insight 
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FiG.2. Results for Subject JW. 


in 
into Békésy's (1962) finding of a aor or 
vibratory pitch with increased uer ve 
even increased frequency of a rep tween 
stimulus. The inhibitory interaction Len ul 
two successive stimuli reported here me 
produce subjective - 
members of a train of r 
The rate of 
intensity 


“drop-outs” of salts 
apidly recurring SE thy 
drop-outs should increase «ce 
or frequency of stimulation. lows 
recovery of human peripheral nerve fo 
à much faster time course th 
interaction between two domi- 
1961), this interaction probably is pre aged 
nately central in origin, Reports of prole 
recovery cycles in human central isons 
evoked responses to somatic stimuli (Al vide 
1962; Shagass & Schwartz, 1961) pre 
some confirmation for this contention. 
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HUMAN HEART RATE RESPONSES DURING EXPERIMENTALLY INDUCED 
ANXIETY: A FOLLOW UP WITH CONTROLLED RESPIRATION? 


GEORGE E. 


DEA 


Harpur College 


4 of the Ss were 
breathe at a constant ra 
shock during No. 
ceived one shock. 


No. 1 through 8 and 


Previous studies by Deane (1961) and 
Jenks and Deane (1963) have provided 
evidence that there are two opposing heart 
rate responses during experimentally induced 
anxiety, Since Westcott and Huttenlocher 
(1961) have shown that extensive and reliable 
effects on heart rate may be attributable = 
respiratory activity, it was felt that = 
attempt should be made to determine whet ra 
Or not the cardiac rate changes reported A 

eane and by Jenks and Deane Were 2 
function of differential respiratory activity. 
rhe Westcott and Huttenlocher niet 
Suggest that the acceleration noted oo 
Previous studies might have, resulted e 
More rapid and deep breathing dires ‘ns 
Shock-anticipation trials and Oat De : : 
Celeration might have been the result ae 
Sharp inspiration followed by @ con utt 
*Xpiration during the time the noxious eed 
Ulus was anticipated. In the present $ SE 
half of the Ss were allowed to, breathe so 
mally as in the earlier studies but a 
respiration recorded, while the other ae 
Were required to breathe at à constant "the 
throughout. If the cardiac activity ag 
Sontrolled-breathing group differs pe the 
Of the normal-breathing ETOUP' trenthig 
respiration records of the normal-b Prof re- 
Broup should reveal the specific 1 P cordia 
Spiratory activity associated with the 
Changes which occur. 
T Method.—The Ss were 
Harpur College. A Grass 
în conjunction with a chest 
Todel CP1 transducer were use mplifier 
respiration. A Grass M joe 
Was used for EKG recordit 
ead III. Chart speed 

reen and red jewel lights 
oe Plate of the memory 
rolled by Hunter timers to £ 
Or 1.8 sec, each to pace th rait 

Thi in part by 2h 
Mugen, ves gura suits Qo epre 
ttblic Health Service. The author "E istance in the 


vi: 
chanks to Donald K. Stammer for his ^ 
*ction and analysis of data. 


at 
40 male students à 
Model 5 polygraph 


10 in a seque 


allowed to breathe normally and } were required to 
te throughout. 
nce of No. 1-12. 4 of the Ss re- 
All Ss showed an acceleration in heart rate during 
a deceleration during No. 10. 


All Ss were then told to expect 


cycle. Stimulus numbers were presented at 
the rate of one every 3 sec. 

After the chest bellows and cardiograph 
leads were attached, Ss in the controlled- 
breathing groups were given 3 min. of practice 
inhaling while the green light was on and 
exhaling while the red light was on, The Ss 
in the normal-breathing groups were allowed 
an equal amount of time to breathe normally. 
Base-level measurements were made as in the 
earlier study except that Ss in the controlled- 
breathing groups were instructed to syn- 
chronize their breathing with the lights when 
they appeared, and to breathe normally at all 
other times. The respiration control lights 
were turned on by Æ on each trial sometime 
during the presentation of No. 1, 2, or 3. At 
the end of the tenth base-level presentation 
each S was told that he would continue to see 
the series of No. 1 through 12 but that now 
when the number 10 appeared he would 
receive a shock on the first two fingers of his 
right hand. Actually, in the controlled- 
breathing group 10 Ss (Group Ci) received 
a shock on the first of the following six trials 
while the other 10 Ss (Group Co) never 
received shock. In the normal-breathing 
group the 10 Ss in Group Ni; received one 
shock while the 10 Ss in Group No received 
none. 

Results and discussion.—In Fig. 1 the 
results for Groups Co and C; combined are 
indicated by the solid line and the results for 
Groups No and N, combined are indicated by 
the dashed line. The results were combined 
in this manner for Fig. 1 since the differences 
between the two controlled-breathing groups 
and between the normal-breathing groups 
were not significant. For both groups the line 
with the filled circles is a mean of the last 
three base-level presentations (B8-10), the 
line with the open circles is a mean of all six 
shock-anticipation trials (T1-6), and the line 
with the open squares is a mean of the last 
five shock-anticipation trials (T2-6). At 
Stimulus No. 18 is plotted the mean 
cardiac rate during these numbers, and at 
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BEATS PER MINUTE 


| —— 8 


STIMULUS 


Fic. 1. Mean cardiac 

controlled-breathi 

each of the points label 

through 12 is plotted the mean cardiac rate 

of the two middle beats occurring during 
presentation of each of these numbers. 

Figure 1 indicates that for both groups the 
effect of instructions regarding impending 
shock was to accelerate the rate over the base 
level during the first eight stimulus numbers, 
An analysis of variance was performed on the 
mean rate during No. 1 through 8 for Trials 
B8-10 and T1-6, and Table 1 shows the 
Trials effect to be significant at better than 
the .001 level. The nonsignificant Trials 
X Instructions interaction indicates that the 
magnitude of acceleration was as great for 
those Ss required to control their rate of 
breathing as for those Ss allowed to breathe 
normally. Figure 1 also shows that for both 
groups there was a deceleration in rate on 
Trials T2-6 during No. 10 where shock was 
anticipated. An analysis of variance per- 
formed on the mean difference scores (mean 


led Stimulus No, 9 


TABL 


ANALYSIS OF VARIANCE OF 


ACCELERATION AND Dre 


SUPPLEMENTARY REPORTS 


9 


10 
NUMBER 


rate during the number stimuli for the 
ng and normal-breathing groups. 


ang NO: 
rate during No, 9 minus mean rate effec 
10) for "Trials 12-6 shows the Num 001 level. 
to be significant at better than the “structions 
The nonsignificant Numbers X Ins itude 9 
interaction indicates that the pere s 
the deceleration was as great for b as 
required to control their rate of brea lv. AS 
for those lowed to breathe norma both 
in the previous studies, the amplitude ane as 
acceleration and deceleration effects pos ex- 
great for Ss who were merely told ally 
pect shock as it was for those who ac 
received it ‘ 
Analysis of the respiration records inc d Ct 
that the breathing of Ss in Groups Co a nts 
was synchronous with the control 3 in 
throughout the experiment, For those n in 
Groups No and N; there was no inerea don 
breathing rate during the shocl-anticllr » 
trials. The mean rate during ‘Trials during 
and T1-6 was 18 cycles per minute eb 
presentation of the numbers, Morcov! 


ica tes 


PLERATION ErrECIS = 


Acceleration Effect 
(0 Source df F Source df E d 
Between E ons | Bae Cp i 
Instructions (1) 1 2.83 Betwee s 1 3o 
Stimulation (S) 1 22; S i 0.08 
TRS rs 1 Q0 Ixs 1 0.67) 
Error (MS) 36 (26597.64) Error (MS) 36 (64250. 
Within rithi pe 
Trials (T) 1 16.7855 à NB P (N) 1 em 
TAI 1 0.42 Nxt” 1 a 
ES uc 1 0.06 N XS 1 
bet os 1 0.02 NXIXS 1 
?rror (M S) 36 (8062.57) Error (45) 36 
ED < gi, 
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in Groups No and N; did not show an increase 
in time exhaling during No. 10 on the shock- 
anticipation trials. During the presentation 
of No, 10 the percentage of time spent exhal- 
ing was 57.5 for Trials B8-10 and 56.0 for 
Trials T1-6. It appears, therefore, that the 
cardiac changes which have been reported 
under the present conditions are not attribut- 
able to differential respiratory activity. 
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IMINATION PERFORMANCE UNDER DIFFERENT 
REINFORCEMENT COMBINATIONS 


JANET TAYLOR SPENCE 


Veterans A 


Performance on a 
to be significantly b 
Right-Wrong ver? 
nothing combination. 


a a 
were due to nothing. 
ned wi 


value when combi 


asks 


, In investigations utilizing ue id 
involving two response alternatives, ee E 
Ms associates (e.g., Buss, Braden, i was 
Uss, 1956) reported that performan verbal 
Poorer under a Right-nothing (Rn Roos 
reinforcement combination than eo V) 
Vrong-nothing (Wn) or Right-W psg lies in 
n explaining the results of these Pan prior 
all of which Ss had been given zs i s 
explanation of the reinforcement proceres 
Juss et al. postulated that (a) Spone ger 
Nonreinforcer, and (b) “Wrong” is e d 
negative reinforcer than "Right" is a PON to 
reinforcer, These conclusions, appt the 
Imply that in a two-alternative siam on 
Probability of a correct response occurring 


a : rhen the 
a subse T d be greater w 
equent trial shoul correr ami 


Previous response has been inci de on. 
ollowed by Wrong than when it Ma 
correct and followed by Right. il 
Weveral two-alternative studies. (Buc os 
1962; Spence, Lair, & Goodstein, in ved 
have found that itis Right rather than an 
at produces more correct responses. [os 
ther, Buchwald (1959) has shown tatis = 
ae verbal reinforcement | he 
ee, reinforci roperties, ing 
Wssibility that Eje empirical superiority. e 
Vn over Rn was due to the rate ges e 
nothing gains reinforcement value in t etes 
Procedures, rather than to the reinforce 


values of Right vs. Wrons- [pex 
roioCiated with conceptual, as opposer he 
D € learning tasks could also playa To ‘pilities. 
"esent study investigated these possibilis e 
Method.—[he Ss were male me 


bal reinforcement 


dministration Hospital, Iowa City 


2-alternative verbal discrimination task was found 
etter (p € .01) under a Wrong-nothing and a 
combination than under a Right- 
Further analyses suggested that these results 

acquiring less reinforcement (information) 
th Right than when combined with Wrong. 


patients from the Veterans Administration 
Hospital, Iowa City, with no history of 
neurological or psychiatric problems. <A 
verbal discrimination task (16 pairs of 
familiar five-letter words) was presented to 
Ss by means of a projector using a film strip 
in which each pair of words was followed by a 
blank frame at a 4:2 sec, exposure rate. The 
Ss were given 16 presentations of the list in 
four serial orders, the right-left position of the 
members of each pair being counterbalanced 
across orders. 

Instructions stated that S was to learn to 
call out the "correct" member of each pair 
and that “it will become clear to you as we 
go along which word in each pair is correct." 
On the first (guessing) trial prearranged 
schedules were used so that half of S's initial 
choices determined the "correct" word and 
half the "incorrect." The Ss were given 
information by E in one of three ways: (a) 
"Right" after correct choices and nothing 
after incorrect ones (Rn), (b) “Wrong” after 
incorrect choices and nothing after correct 
(Wn), or (c) "Right" or “Wrong” after each 
choice (RW). E 

Results and discussion.—The mean per- 
centages of correct responses per trial for 
each group are plotted in Fig. 1. An analysis 
of variance of the total number of correct 
responses per S yielded a significant between- 
groups term, F (2,57) = 5.91, p «.01; ¢ 
tests indicated that the performance of the Rn 
Ss was significantly poorer than that of either 
We RW or Wn groups (p $ .01) but that 
there was no significant difference between 
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% Correct 


Mean 


TRIALS 
an percent correct per trial tor the three groups. 


the means of the latter (£ < 1.00). Thus the 


FIG. 1. Mea 


results parallel those of prior studies employ- 
ing conceptual tasks, 

In a further analysis the n 
responses on each tri 
each S and the 


umber of correct 
ial was determined for 
n the percentage of these 
responses that continued to be Correct on the 
subsequent trial Similar percentages for 
items that had been incorrect on the previous 
trial were also found. The means of these 
successive percentages on Trials 2-8 for the 
RW group and for Trials 2-10 for th 
Wn groups are plotted in Fig. 2. 


e Rn and 
(Compari- 


80|- PREviousLy + 


Fic, 2. 


Mean percent correct 
been 


TRIALS 


T on a given trial for items that had 
correct (+) and incorrect cS 


y the 
sons on later trials were complicated by 
presence of Ss giving 0 correct to 0 pr percent 
incorrect responses.) The curves for B 
correct following previously correct ;roups, 
Seen to be similar for the three ip was 
implying that nothing in the Wn E and Rn 
equally effective as Right in the RW 4 orrec 
groups. The curves for previously is pro- 
items, however, suggest that nothing. the 
duced less Change to correct responses apa 
Rn Ss than Wrong in the RW and Wn gr were 
Since, except for Trial 2, the percentage’ nin 
based on different numbers of items V 


on the previous trial, 
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and between groups, only the Trial 2 data 
were analyzed statistically. 2 X 2 analysis 
of variance for correlated measures of number 
correct following initially correct and in- 
Correct choices in the Wn and Rn groups 
yielded significant Fs (p < .01) lor Groups 
(due to the superiority of the Wn Ss on the 
initially incorrect items) and for the Groups 
X Measures interaction. A i comparing mean 
number correct following initially incorrect 
for the combined RW and Wn groups VS- the 
Rn Ss was also significant (P < 01), but a 
similar ¢ for the combined RW and Rn groups 
vs. the Wn Ss on initially correct pairs was 
Not (p > .05), again ind cating that nothing 
had less effect in producing correct responses 
on the Rn Ss than Wrong on the other groups 
ut an equivalent effect on the Wn Ss to Right. 

.ln a prior verbal discrimination study 
(Spence et al., in press) it was found that with 
5 Who had been previously instructed about 
the information value of nothing there were 
NO significant performance differences between 
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rom experiment 
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d as resulting f 


1 level of 
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were interprete 
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acg cording to Malmo (1959), oder a 
ee s ing reticular 2 a 
nd stem ea AM both internally 
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| it Sternally generated s! Thu 
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nt was perf 
the effec : € 
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The experimenta 4 
ae had 20¢ deducted for every signal missed 


ived no rewar 
The rewarded group performed better 


he Ist period of the 1st session, and 
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Rn and Wn groups and that nothing in each 
combination had the same effect as an overt 
response from E. These data, in conjunction 
with the results of the present study, suggest 
that the performance differences obtained in 
prior investigations employing uninformed Ss 
were due to nothing acquiring reinforcement 
(information) value less rapidly or to a lesser 
degree when combined with Right than when 
combined with Wrong. 
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JES AND VIGILANCE! 


{ AND. DONALD J. LEHR 


Research Unit, Fort Bliss, Texas 


ormed in which (a) the effects of 
ts of removal of these incentives 


1 group received 20¢ for every 


d in the 2nd session. ‘The con- 


‘These effects 
ally induced changes in 


volved changes in the level of external 
stimulation (Bergum & Lehr, 1963; Jenkins, 
1958; McCormack, 1958; Webb & Wherry, 
1960), while in contrast there is little evidence 
relating directly to the effects of deliberate 
motivational manipulations on vigilance 
performance. The purpose of the present 
study was to attempt to modify such per- 
formance through the direct manipulation of 
motivation by means of monetary incentives, 
and to determine the extent of transfer of 
these effects to a second session in which the 
monetary incentives Were withdrawn. 
Method.—A total of 40 trainees from the 
Army Training Center, Fort Bliss, between 
the ages of 18 and 26 yr. were employed in two 
groups. The apparatus was identical to that 
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TABLE 1 
PERCENT Correct DETECTIONS ron . 
Bot Groups IN Boru Sessions 
= a - » 
Session 1 Session 2 - 
e" Time Periods Time Periods 
Group x 
Aver- 3 | Aver- 
i ti] uos E. zd 


Incentive | 98 | 74 66 79 | 84/61 | 59 68 
"ontrol | 84 | 75 | 68 75 | 85175 85 82 
Average [91] 75|67| 77 | ge 68|72]| 75 


employed in earlier studies (Bergum & Lehr, 
1963) and included four test booths, a 
circular light Panel, and an intercom network, 
The S was seated at a small table facing the 
display which was mounted at eye level on 
one wall. The 20 lights mounted on the 
periphery of the circular display illuminated 
in sequence at a rate of 12 rpm and a signal 
consisted of the failure of a lamp to illuminate 
in its normal sequence. The signal rate was 
12 signals per hour, Single response push 
buttons were located in each booth and both 


signals and responses were automatically 
recorded on Paper tape, 


All Ss were in 


on the apparatus, followed by 
and instruction 


itially given a 20-min. pretest 
a 10-min. rest 
This 


period of 60 min. The 20 control Ss (Group 
C) received no special treatment during this 
session, but the 20 experimental Ss (Group I) 
were told that at the end of this session they 
would receive 20¢ for each signal they had 
correctly detected, but that 20¢ would be 
deducted from their totals for each failure to 
detect a signal. False responses were neither 
rewarded nor penalized. In the second major 
session the Ss were informed 
no longer be rewarded for 
Ss monitored con- 


u conditions for a 
period of 90 min, 


Results. —A comparison of 


Presented in Table 1. 

n terms of the first (rewarded) 
examination of Table 1 shows a decre 
Performance for both groups with 


demonstrating a generally higher 
Derformance than G 


Session, 
ment in 
Group I 


level of 
roup C (98% ys, 84%) 
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E analysis 
in the first third ol bas session. Lee a 
of wiance for this se d ver 
e os overall decline in en 2 
the three time periods, df Ae i interaction 
p <.01, Inaddition, a E pA e. ey 
between time periods and EN p < 0l. 
demonstrated, F (2, 76) = 6. I performed 
The ¢ tests indicated that Areon E the first 
significantly better than Group the lage Wo 
time period and no better nos 
time periods, ¢ (38) = 2.37, p io-incentive) 
In terms of p scie rament in 
session, Table 1 indicates a SE Group 
performance for both groups d level 
demonstrating a generally yd last two 
performance than Group C ES malos o 
time periods of the session. m significant 
variance of these data indicatec 4 UE (2, 76) 
overall performance peremit n 
= 7.35, p < .01, and a significan as, F (2, 76) 
between time periods and — à incen- 
= 4.50, p < 05. Performance as that of the 
tive group was at the same level aa but was 
control group in the first Pa period, 
significantly poorer in the las i 
# (38) = 2.25, p < 025. at the 
oe LAE results suggest UU on 
facilitating effect of monetary ed at best 
vigilance performance is short-livec s can in 
and that, when withdrawn, incentiv peo orm- 
fact be significantly detrimental seit eati is 
ance. The fact that facilitation did from the 
in line with what would be predicted T erra 
activation model, as is the shift in the g were 
level of Performance when incentives es in 
withdrawn. Thus the notion that iun p in 
internal levels of stimulation as wel pa 
external levels of stimulation will i inch 
concomitant shifts in vigilance perfo on 
was substantiated, However, the act! have 
model appears to be too general af the 
i i ; iveness O 1, 
predicted either the loss of effectiven n or th 
incentive by the end of the first Se rl 
Magnitude of the depressing PRA of the 
formance resulting from withdrawa 
incentive, 


session 


of 


to 
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associates continuously for 4 min. to each 
Although a negative exponential function de- 


ciation production and 


An examination of the 
€ showed them to be 
of associative overlap, and more 
tive meaning than the associates 
ip was measured by a 


"The results indicated that 
stence 
1 of a group of strongly inter- 
essentially similar meaning 


among the constituent words in an 
associative hierarchy. Recently Deese 
(1962) has attempted to describe this 
type of associative structure in terms 
of the pattern of interitem association 
present in a group of words, all of 
which were evoked by the same 
stimulus word. Evidence for the be- 
havioral effects of associative struc- 
on free recall is to be found in the 


ture 
earlier studies of associative clustering 


(Bousfield, 1953; Jenkins & Russell, 
1952) and in the more recent work of 
Deese (19592, 1959b) and of Rothkopf 
and Coke (1961). These studies have 


shown that recall may be affected by 
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a simple associative connection be- 
tween two words as well as by the 
total pattern of interitem association 
present among all words in a set of 
words. Pollio (1963a) has also shown 
that the latter type of «Structure 
predicts the order of emission of words 
contained in the associative hier. 
archies aroused by six different stimu- 
lus words. 

Interitem associative connections is, 
however, not the only factor affecting 
the characteristics of evoked word 
associates. In one recent investiga- 
tion (Pollio, 1963b) it was shown that 
the semantic characteristics condi- 
tioned to linguistic stimuli signifi- 
cantly affect the semantic character. 
istics of associates evoked by these 
stimuli, in terms of the semantic- 
differential (SD) ratings of both. 
Similarly, Pollio (1962) and Staats 
and Staats (1959) have shown that a 
word and its associates tend to have 
similar SD ratings across the three 
major semantic dimensions described 

Osgood, Suci, and Tannénbaum 
(1957). 

If we assume that the speed of overt 
association is related to the extent of 
shared structure common to two or 
more words, then a group of words 
Which has both high interitem asso- 
ciative strength, as well as meaningful 
congruence, should tend to be pro- 
duced rapidly in the course of overt 
association ; while words not sharing 
these Properties so strongly should be 
Produced more slowly. A group of 
Words which js both strongly inter- 
connected, and meaningfully con- 
nt words in 
be emitted 


ly. Early work 
Sedgewick (1944) did 
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that the course of overt psit Li 
association docs proceed ae " 
rather individual Ss show perio E a 
rapid arc cti RR 2 

ingled within periods : E 
d Response bursting epe 
irregularly throughout the rec D li 
individual Ss and words conta P P 
these bursts seem to be d. fue. 
related, i.e, to be part of ducha ili 
ciative cluster. : 

The specific purpose of t a in 
study is to determine if var Sia ti 
the rate of continuous Word iT - 
tion can be used to indies akso- 
existence and characteristics 0 exi 
ciative clusters. In order a is 
data appropriate for this Eee Sto 
necessary to permit an indivic Ha ee 
associate continuously for a give! h S's 
interval. An examination of = ald 
individual association rate ene 
reveal extremely rapid voeem 
responding intermingled with ue ikat 
of slower response. Itis assume oss 
an analysis of these bursts vill em an 
evidence for the hypothesis us »idly 
associative cluster is produced e y 
and is composed of a group of haere | 
interconnected words, cach of kir 
evokes essentially similar connota 
Meaning responses, 


METHOD 


. iment 
The overall plan of the present cape B 
required three separate sessions Wl tinuously 
In the first session S associated con 4 min. 
to four different stimulus words pem ol 
each. An examination of the tota different 
words produced was made, and pere chosen; 
types of associative sequences wel response 
one in which interword associa tit terte 
time (RT) was fast, one in which in which 
RT was of medium speed, and one of the 
interitem RT was slow, After à s were 
words comprising these sequence. ions 
selected, half of the Ss gave eight e of these 
to each word, and then rated Cac lifferentia 
Words on the following semant dl an 
scales: pleasant-unpleasant, soft- Ds Ss first 
active-passive. The other half of t roduce 
rated the words selected, and then P 
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associations. Sessions 1, 2, and 3 required 
6 wk A 4-wk. interval occurred between 
Sessions 1 and 2, and 1 wk. occurred between 
essions 2 and 3. The Ss were tested in- 
dividually in Sess 1 and in groups for 
essions 2 and 3. 
Subjects —Twenty-four male undergradu- 
ate students participated in this experiment, 
and each was paid for his participation. 
„Stimuli —Four nouns were chosen as 
Stimuli for this experiment: TROUBLE, THII 
JUSTICE, and HOU These words were 
chosen on the basis of four criteria: (a) the 
Probability of their primary associate; 
D their evaluative semantic-differential 
; (c) the evaluative SD rating of 
y associate; (d) their frequency 
9! occurrence in the English language. Table 
Presents these stimulus words and their 
Characteristics. Here it may be seen that 
ae of the four stimulus words are connota- 
Wely positive and that the other two are 
inno For all four words 
ry associate 
associate to 
nnotatively 
Two of the 
(JUSTICE 
| HOUSE) 


the ‘atively negative. t 
does probability of their primar 
each not exceed .29, The primary 
Rink these stimulus words is Cor 
Wor i to its own stimulus word. : 
and 4 may be considered abstrac 
may ROUBLE), while two (THIEF ant 
VY be considered concrete. 
Tes 24 possible orders of these p 
Was (7e made, Order of associa 
; counterbalanced by having cac 
associate to each of the four wore 
ese 24 orders. 
consi taltes and proceduri 
Micro n of a Wollensak sa ee 
Cop Phone; a two-channel Brus = 
der so arranged as to permit à vo 
Se to actuate it, a Kodak timers hi 
Carousel projector, ana an — 
response key, All of this appara m 
„Mounted in a large wooden à 
con E Session 1 S sat on one side o cas 
"Sole with only a 9 X 9 in. opaque gaz 


four stimulus 
tion effects 
h of the 24 
ls in one of 


¢.—The apparatus 
tape recorder anc 
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projection surface facing him. Each of the 
four stimulus words was presented one at a 
time to S for 4 min., during which time S was 
required to "give associations as they are 
suggested to you." G 

All of S's associations were recorded on the 
tape recorder. After Session 1, the latency 
and duration of each associative response 
were recorded on one channel of the Brush 
recorder through direct activation by .S's 
voice on the magnetic tape, and each dis- 
tinctive word response was recorded on a 
second channel by Æ. After S left the experi- 
mental room, two judges reran the tape and 
transcribed the sequential order of associa- 
tions produced by each S. 

The interword associative response latency 
between each associative response was then 
measured from the Brush tape to the nearest 
millimeter. It was from these data that 
individual cumulative association graphs and 
individual interword association latency dis- 
tributions were constructed for each S. 
Group data were also derived from this 
analysis. 
At the conclusion of these preliminary 
analyses, interword latency distributions for 
each .S, in response to each of the four 
stimulus words separately, were examined. 
In order to define fast and slow latencies 
unequivocally, each S's interresponse latency 
distribution for each stimulus word was 
divided into quarters. An examination of the 
total series of words produced by each S in 
response to each of the four stimulus words 
was then made in order to determine the long- 
est sequence of words, in which each of the 
latencies separating individual words within 
the sequence fell in the slowest quarter of the 
distribution of latencies for each S, for each 
stimulus word separately. These words were 
taken to define the length of, and specific 
words in, a slow sequence. Using the length 
of this slow sequence as a guide, a second set 
of words, equal in length, was selected. In 


TABLE 1 
Worps AND THEIR SEMANTIC CHARACTERISTICS 
SriMULUS W€ = 

! Prob. of Primarys — |Evaluative SD of 

Stimulus Evaluative” Frequence or Primary Assoc. Assoc. Primary Assoc. 1 
ord SD Rating S 6 
) OA pcseme F .09 BAD .87 

TRO AA 9 STEAL 6.67 
Tse 6:10 28 22 PEACE 1.30 
JUSTICE 6 A 25 HOME 1.47 
Housr- i AA ien 


D i i 54) norms. : 
1 Obtained from Russell and Jenkins (1954) 1008) norms. 


© Opegined from Jenkins, Russell, 20944) ci ord count. 


ained from Thorndike-Lorge 
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this sequence each of the interword latencies 
fell within the fastest quarter of the total 
distribution of latencies. This second set of 
words defined a fast sequence. Ml compari- 
sons to be reported in subsequent sections are 
between fast and slow sequences defined in 
this way. 


In order to clarify the functional relation- 
ship between sequence-evocation speed and 
semantic distance; and between sequence- 
evocation speed and interword associative 
connectivity, it decided to define a 
medium-sequence evocation speed. Medium 
evocation speed was defined residually; that 
is, those latencies falling within the second 
and third quarters of the distribution of 
latencies for each S in response to each stimu- 
lus word, defined medium sequence speed. 
Since four medium-speed sequences would 
result in an exci 


judged in Se 
sequence w. 


was 


essive number of stimuli to be 
ons 2 and 3, one medium-speed 
as chosen for each 5. The specific 
sequence chosen was selected by a random 
procedure. This procedure resulted in seven 
medium-speed sequences in response to the 
stimulus word HOUSE, five to THIEF, and six 
to JUSTICE and TROUBLE, 

After specific words 
representative of fast, medium, and slow 
sequences, association. (A), and semantic- 
differential (SD) booklets were constructed 
for Sessions 2 and 3. "These booklets, con- 
tained both the specific words already 
selected, as well as the four initial stimulus 
words. The A (association) booklets had 
each of the words selected for each S at the 
top of a separate sheet of paper. On each of 
these sheets of paper, the word was typed 
eight times in two columns of four. (Eight 
associates were required since the longest 
sequence of associates selected contained 
eight words.) A blank space appeared to the 
right of each of these eight repetitions of the 
word. The order of words in each of the A 
booklets was randomly determined, with the 
provision that not more than two words from 
the same sequence follow each other in any 
booklet. Semantic-differential (SD) booklets 
were constructed according to a 
procedure. 

The instructions used in the association 
task were similar to those used by Noble 
(1952) in obtaining m values for words. 
Basically, each S was asked “to write down 
eight other words which the key word brings 
to mind. . . . A good way to do this is to 
repeat each key word over to yourself as you 
write," The instructions used in obtaining 
SD ratings were similar to those used bv 


Polen, Russell, and Suci (1958), and asked 
s 


were selected as 


similar 
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to rate each of the key words on the pe 
of what they mean to you, Place a cheer 
mark on each of the SD scales "FÉ 
vou feel the word should be rated. $ us 
Rate according to your first impresion e 
the words. Don't hesitate to use 
extreme ends of the scales. . + - 


i x s of how 
‘The Ss then were given a few example: dE M 
these ratings were to be made in pps 
provide them with anchors for their ratin i 
total associati 


Method for measuring LS Pollio, 
cohesivene In a previous paper ewe 
1963a) we suggested that the dnte 


associative relationships existing 1n 2 set of 
words could be described in iens n ihe 
n X n matrix called a W matrix, in S UT 
same x words appear as both row als ex itis 
headings. When any word heads a ri heals 
considered as a stimulus and when w For 
a column it is considered as a response. ciate 
each column word produced as an à oc the 
by any row word, a 1 is ^ mr ex- 
appropriate cell in the matrix | , ask the 
ample, in an independent association n Grd 
word heading Row 3 produced the sonst 
heading Column 2 as an : ssociative rop jive 
a Lisentered in Cell waz. After al enel 
relationships in a set of words have /eness 
recorded in this way, an index of cohesiv Eo 
(C) may be calculated in terms of the Bo is 
the W matrix; i.e., C = XX where ote 
a general entry in W. The C values CC 
the total number of associative intercon! 
tions present in a group of words. 
large we may assume the set to be 
cohesive. 


As Luce (1950; Luce & Perry, 1949) Te 
shown for social groups (using essential E 
same type of matrix representation) n 
Matrix W to its various powers indignati ete 
total number of potential multistep "ants 
connections among the initial matrix xd bi 
That is, if Word A associates Word | rd € 
not Word C, and Word B associates W vention 
then A has a potential 2-step intercon” tia 
with C; ie, A— BC. This porated 
interconnection between A and C is ud 7, 
by a 1 in the appropriate cell of Matrix 5 
where W? is the square of the initial J 4] inter" 
In a similar way, more remote potentia priat 
connections are indicated by appre ix 
entries in the higher power matrices © "n 
W. Using binary addition Tq att 
04+0=0;14+0=1 and 1+ ats in 2 
raising W to its various powers resu d 025 
series of W matrices each having 1 2^ mber 
entries. In order to assess the total ny 1 
of potential interconnections presen i 
original set of n words, we need on ly Che 
Matrices W!, W... W», where n is f? 


sider 
siZ 


N 
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of the initial matrix ]W?. Using binary addi- 
tion rules Matrix W+ has exactly the 
row and column entries as Matrix W'- 
forming a cellwise summation of Matrices 
W! through W^ results in an A matrix 
consisting of 1 and 0's. By analogy to the 
cohesiveness index derived from the original 
W matrix, it is possible to define a measure 
of total cohesiveness, MC, for the A matrix 
in the following way: MC = Xu where aij 
is a general entry in Matrix - MC denotes 
the total number of potential interconnections 
existing among all of the words contained in 
me original set of words. Large MC values 
indicate a strong degree of associative 
cohesiveness in a set of words. , 
, Since not all W matrices (and by implica 
tion, all A matrices) are necessarily of equal 
Size, these differences must be taken into 
Account if we are to compare the relative 
mount of associative cohesiveness © sisting In 
ne Sets of words. Probably the st way 
! Which to take differences in initial size into 
account is to compare the number of words 
potentially interconnected ina group of words 
jon with the total number of a pee 
of wi ssible for that group (n°). A pem e 
defin, MCr, may É - E 
ae IM as follows: MCr = zi n, E pis 
total defined as before and where n is 
Since prd of interconnections A nar 
eigen is a proportion, inp vilis aie 
Set of n .00 and 1.00, In a highly & ards 
words, the value of MCr tends towar 
tome TeS in a weakly cohesive pe 
appro, ,00.. The value of MCr ; ) dus 
co ere index of the degree of med 
Siveness present in a group of words. 
eu Method of measuring meaningful pis dt 
gg ipte word meaning has bese ap “a 
Mea, zed by the use of SD rati gs, € 
"que Da = Ad; is an appropriate von 
(Obs distance between any two words 
el “Sood et al., 195 «ot of words has ? 
er al, 1957). Ifa set 


me n _ 1)/2 total 
dig ts in it, there are #0 — D rnt all 
or 


ative cohesivenes 
vx 


Ce comparisons possible. 
equal werd set which we will 
Tiffere Size, it is necessary 
define coe into account. Let US ó 
D, w a measure of mean intracluster 0S% ie 
Sta Ch. represents the average semanti 
set of WOT S, 


tane $ 
Such guo mg all elements in 2 


Di 


Emm. 
nin — 1) 
zz dH 


dD; = 


Wh 

en . . colving 2 

Pairs "Di is the total distance involving al 

Ambe, Words, and x(a — 1)/2 is the (975 
T of comparisons. e measure ^ 


denotes the average intraset distance for any 
set of words in semantic-differential space. 
Large values of D indicate great dissimilarity 
in connotative meaning among words con- 


tained in a sequence of words, while small D 
values indicate meaningful congruence. 


RESULTS 


Characteristics of continuous associa- 
tion. —At the conclusion of Session 1, 
96 individual interword association 
latency distributions were constructed. 
Individual interword latency distribu- 
tions were skewed toward the longer 
latencies for most Ss. 

From these data, a mean cumulative 
association curve for each stimulus 
word for all 24 Ss was constructed. 
Figure 1 presents these group cumula- 
tive association curves. It is to be 
noted that the form of cach of these 
curves is similar to that reported 
by Bousfield and Sedgewick (1944). 
Their equation, N = ca — e") 
where N is the number of associates 
produced, m is a constant indicating 
the rate at which associates are pro- 
duced, C is a constant representing the 
asymptotic number of associates pos- 
sible, and fis the amount of time given 
for continuous association, was found 
to describe these data extremely well. 
An evaluation of specific values for m 
and C constants for each of the four 
curves was made, and no consistent 
relations were evident between these 
two constants for the four stimulus 
words used in the present experiment. 
An examination of the distribution of 
C values, however, did indicate that 
for these four words the two positively 
evaluated nouns had more associates 
available to them than the two nega- 
tively evaluated ones. 

Classifying these four si 
words both in terms of evaluative con- 
notation (pleasant vs- unpleasant) 
and in terms of whether they are ab- 
ct (JUSTICE and TROUBLE) or con- 


stimulus 


stra! B 
crete (HOUSE and THIEF), results in a 
2x2 analysis of variance model. 
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House 


„a Thief 
r Justice 


2^ Trouble 


TIME IN MINUTES 


can cumulative continuous association production as a function 


of association time and initial stimulus word, 


The results of a 2 x2 analysis of 
variance, involving repeated measure- 
ments over Ss, performed on the 
terminal number of associations pro- 
duced by each stimulus word, showed 
for these four stimulus words, both 
connotation, F (1,23) = 8.03, p < .01, 
and abstractness, F (1, 23) — 12.05, 
P «.01, significantly affected the 
total number of associates produced. 


Intracluster associative cohesiveness: 
— From the data provided by the ! 
dividual interword association latency 
distributions the specific words cami 
posing the fast-, slow- and where d 
propriate, medium-speed aeque 
were selected. After all of the ib 
from Sessions 2 and 3 were collec 
these sequences were represente cte 
W matrices, separately constru 


TABLE 2 


Ess (MCr) AS ^ 


ND STIMULUS WORD pn 
R on 

EUM HOUSE JUSTICE THIEF Rum 

P M SD M SD M SD M = 

sal e| a ala 3E RE. 
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for the associates of cach S in response 
to each stimulus word. Each of these 
W matrices was multiplied out to its 
Own zth power, and A matrices then 
Constructed from these results. M Cz 
Measures were computed from cach 
S's total A matrix. 

Table 2 presents the means and SDs 
of the intrasequence MCr's for all Ss 
as a function of both the stimulus 
Word evoking the sequence and the 
Speed with which the sequence was 
Produced. [n all cases, as predicated, 
ast sequences were found to be more 
Cohesive than slow sequences. There 
are no reversals in this trend. Since 
lor five of the cight entries in Table 2, 
the SDs exceeded the means, MCr 
Values were transformed by a VX +.5 
transformation, and then subject to a 

X2 analysis of variance in which 
ne of the independent variables was 
Sequence speed, and the other, stimu- 
"S words, The results of this analysis 
towed that only sequence, spect 
‘nificantly affected the cohesiveness 
. -t8sociative sequences, F (t, 23) 
4,5846, p «001. This indicates 
Jat rapidly evoked associative Se 
wiences are composed of element 
TCh are more highly interconnecte 
witht is true for elements e 
Brea. associative sequences WhIC? ¢ 

Uced more slowly. 
n order to examine the functional 
si tionship between associative d 
Cr hess and sequence-evocation 6 
Oss at least three different speeds, 


M TABLE 3 
FANS AND SDs ron THE Mn VALUES 


OF 24 RANpomMLY SELECTED FAST, 
UENCES 


S 


"qu, 
Sees Speed | Mean arci Proportion | 52 
Eas Mean Mien TOR ee 
t 242 
ledi .229 697 
ji ediu A $ 
Slow m .083 1036 


MCza values for medium-speed se- 
quences were also computed. Table 3 
presents the mean Cz values and 
their associated SDs for the 24 ran- 
domly selected fast, medium, and slow 
sequences. As can be seen, JC; 
values are ordered as expected. Fast 
sequences are maximally cohesive, 
slow sequences are minimally cohe- 
sive, and the cohesiveness of medium- 
speed sequences falls between these 
extreme values. 

An examination of the individual 
means and SDs again indicates a 
marked skewness in ACz distribu- 
tions with a great many .00 MCz 
values occurring at all sequence-evoca- 
tion speeds. Consequently, these 
data were transformed by a VX + .5 
transformation. The results of an 
analysis of variance done on these 
transformed scores again confirmed 
the expectation of an increasing rela- 
tionship between associative-evoca- 
tion speed and the cohesiveness of an 
underlying cluster, as the only signifi- 
cant source of variation among M Cz 
means could be attributed to sequence 
speeds, F (2, 40) = 11.63, p < .001. 

Intracluster semantic | distances.— 
After the SD ratings of all words con- 
tained in fast, medium, and slow 
sequences for each S were collected, 
a semantic-distance matrix involving 
all words in a given sequence was 
constructed. Each of these matrices 

n(n — 1) 
contained 2 
the number of words selected for each 
S. The words are obviously exactly 
the same words as were used in con- 
structing W matrices for the preced- 
ing analyses of intrasequence co- 


entries, where z is 


hesiveness. 
D measures were computed between 
n(n— 1) . . 
——Z.—— pairs con 
cach of the 2 pa tained 


in each semantic-distance matrix, 
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TABLE 4 


MEANS AND SDs or THE D Mkaxs as A FUNCTION OF SEQUENCE 
SPEED AND STIMULUS WORD 


Stimulus Word 


Sequence 


| ; TROUBLE, 

Speed HOUSE JUSTICE | ini F i — 

| SD 
M SD M sw | Mw | sp E m 

pe ) | 35 144 

7. 3 30 3.35. z 

Fast 3.61 1.10 2.83 1.21 3.62 1 er | 151 
Slow 4.27 97 3.81 .96 4.46 1.09 we EN 
As can 

Table 4 presents the means and SDs 


of the intrasequence D means for all 
Ss as a function of both the stimulus 
word evoking the sequence, and the 
speed with which the sequence was 
evoked. As predicted, the mean 
semantic distance between all words 
in a fast sequence is less than is the 
mean distance between all words in a 
slow sequence. This relationship 
holds across all four stimulus words, 
and there are no reversals in this 
trend. 

An analysis of variance performed 
on these data indicated that differ- 


ences between Speeds, F (1, 23) 
= 28.51, p < .001, and between 
Words, F (3, 69) = 4.58, p < .01, 


were all highly significant. As ex- 
pected, the mean semantic distance 
was significantly greater for slow se- 
quences than for fast sequences. 

In order to demonstrate the gen- 
erality of an inverse relationship be- 
tween associative-production speed 
and intracluster semantic distance, 
the mean D of 24 medium-speed 


TABLE 5 


MEAaNs anp SDs or tur D MEANS or 24 
RANDOMLY SELECTED Fast, MEDIUM, 
AND SLOW SEQUENCES 


Sequence Speed Mean D SD 
Fast 3:11 1.09 
Medium 3.76 1.11 
Slow 4.05 1.11 


sequences was also examined. t 
be seen in Table 5, the order of sed of 
D magnitude is inverse to the speet ^ 
sequence evocation. This A ene 
quite clear and consistent with 3 
previous analysis. An analyser, i 
variance was applied to these id of 
and the only significant sue "x 
variance among Ds was produce? EA 
differences in the speed of py 
evocation, F (2,40) = 5.70, P P ie 
The results of this analysis vm 
that there is an inverse relatigits E 
between the speed of an HUC 
sequence's evocation and the mag x 
tude of its underlying intracluste 
semantic distance. 


Discussion 


The results of the present experiment 
suggest that overt continuous eri 
association is to be understood in Poist 
of the pattern of relationships whic dae 
among words and "that this arum take 
implies the course that activity W! Peak: 
when this structure is activated [ mon- 
1958, p. 325]" As we have n 
strated, two significant dimensio! EAM 
this pattern are to be found in on the 
ciative cohesiveness of words and i! 
connotative meanings of words. 

In a recent conference On 
behavior (Cofer, 1961) there ws 
dispute as to the exact nature S 
“representational” mediator. Vua d 
the discussants denied the importa" ifer- 
mediational processes, rather their ecific 
ences arose in describing the SP ous" 
nature of the mediating event. 


verbal 
some 
f the 
e of 


COMPOSITION OF ASSOCIATIVE CLUSTERS 207 


field (1961) took the position that only 
words should be considered as appro- 
priate vehicles for the mediation function 
while Osgood (1961) argued that condi- 
tioned Meaning responses were of primary 
importance, The results of the present 
experiment suggest that both types of 
mediational events are involved in de- 
termining the rate of emission of word 
associates in a continuous association 
task, and that, at least at the present 
Stage in our understanding of the 
Association and mediation processes, 
Nothing is to be gained by reducing one 
to the other. The major theoretical and 
empirical task would now seem to be one 
s discovering under what antecedent 
conditions selection between these me- 
diators occurs, if it does occur, rather 
than one of denying the existence of 
“ther of these two events. . 
, What are we to make of the obtained 
Hlerences among stimulus words in 
terms of the number of associations pro- 
“uced? Although only two words in the 
Positive and negative evaluative cate- 
Bories were used in the present study, the 
i indicate that our positively evalu- 
te words produced more p pm 
man did the negatively evaluated words. 
Ping differential effect is quite age 
(196 recent results reported by € 
indi 2). Together, these results ma} 
i Gicate that the density of elements 1n 
le positively evaluated portion of the 
ne Antig space is greater than in the 
F atively evaluated portion. | u 
ai M mean continuous association e 
es groups were quite well desi i 
pe the equation N = cü - om). E. 
oxination of the individual sm s 
me made it apparent Let 
Only poH of the m constant 1s Me uv 
ot * 9r group data. Very few, d s » 
Consta 96 individual records u-— 
enar rate of association; o d 
lore ation in association rate Wa» 
, Common, 
ith 


individual 
àlte these individua 
tio Patio 


tion of assocta- 
ater intra- 
describes 


respect to 
s ns in the produc 
Clus es have seen that gre 
t associative cohesiveness 


i i dst 
Or associative relations which be 
Eele i ces relativ 
men ast sequen 1 
o ts in fast seq R 


S 2 x 
OW sequences. A direct Incr 


relationship was found between three 
different sequence speeds and the co- 
hesiveness of their underlying clusters. 
Although the maximum value possible 
for an MCg proportion is 1.00, the high- 
est mean value obtained in the present 
experiment was .308. An examination 
of the SD associated with each mean 
M Cy proportion indicated marked skew- 
ness in the. MCg distribution such that 
many sequences yielded MC values of 
.00. These results indicate that for 
individual Ss, even in quite rapidly 
occurring sequences, the associative in- 
terconnections among elements are not 
completely fixed, and despite the ob- 
tained associative stability, tend to vary 
widely from time to time. 
Perhaps an example will prove helpful. 
A fast sequence aroused by the stimulus 
word TROUBLE for one of the Ss in the 
present experiment contained the follow- 
ing three words in the following order: 
MORNING, NOON, and NIGHT. When a W 
matrix was established for these words 
for this S, it was found that no one word 
produced any of the other two as associ- 
ates in the independent assessment 
procedure (Session 2). Rather his asso- 
ciations to MORNING were: COLD, BREAK- 
FAST, etC., to NOON: LUNCH, RADIO, etc., 
and to NIGHT: DARK, FUN, etc. The 
matrix analyses of this pattern obviously 
yielded an Cz value of .00. This value 
is contrary to an intuitive estimate of the 
associative cohesiveness of the words 
contained in this sequence. What these 
data indicate most clearly is that while 
stable associative patterns do exist 
hin an individual, the overt produc- 
tion of a specific word association may 
also depend upon other factors. Pre- 
diction of a specific associate, or even of 
a class of associates, depends, as Howes 
and Osgood (1954) have demonstrated, 
upon the linguistic context provided by 
preceding words. It seems clear that in 
the presence of the verbal stimulus com- 
. the asso- 


wit 


pound, MORNING, NOON . 
ciate NIGHT is much more probable than 


in the presence of either of these words 
singly. We would assume the tendency 
to produce NIGHT after the verbal com- 
pound, MORNING, NOON is the result of a 
summation of relatively weak associative 
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tendencies to the response NIGHT from 
each of these words separately. Only 
under the multiple input pattern pro- 
vided by the compound, does the 
associate NIGHT, become more probable. 
The present experiment also indicates 
that there is a different pattern of 
within-cluster connotative relations for 
elements contained in rapidly occurring, 
as compared to more slowly occurring, 
associative sequences. For all sequences 
regardless of initial stimulus word, the 
within-cluster semantic distance is less 
for rapidly occurring sequences. This 
inverse relationship between semantic 
distance and speed of sequence evocation 
also described the ordering of semantic 
distances across the three different 
sequence-evocation speeds. The results 
of this analysis, taken in conjunction 
with the significant correlations reported 
by Staats and Staats (1959) and by 
Pollio (1962) between the SD rating of a 
Kent-Rosanoff stimulus word and the SD 
rating of either its total range of asso- 
ciates, or of its primary associate, re- 
spectively, imply a total organization of 
words in which a word and its associate (s) 
are connotatively similar, and conse- 
quently, proximal in semantic space. 
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INTERSTIMULUS INTERVAL EFFECTS IN GSR 
DISCRIMINATION CONDITIONING ! 


RUSSELL A. LOCKHART asp WILLIAM W. GRINGS 


University of Southern California 


GSR discrimination conditioning of college Ss was studied as a function 


of CS-UCS interval variation. Wi 
on acquisition test trials; with a 
a Ist response during the delay 
termination (with UCS omitted). 


after only 2 


ination; s 
mination obtained in either 
pared with those obtained from 
of 1st response discrimination su 
defective attained “perception thr 
S showed conditioning- t 
sponse discrimination occurred wit 


as in the college S. 


Although the interstimulus interval 
'5 considered a crucial variable in 
© 4ssical conditioning, its effects have 
een studied primarily with the simple 
qo itioning paradigm. Relatively 
ittle literature exists on the role of the 
S-UCS interval in the more complex 
discrimination situation. Recently, 
'OWever interest has developed in 

US area, 

( Tings, Lockhart, and Dameron 
denn) demonstrated that for mentally 
cient Ss, GSR discrimination pe 
[nuance was more rapid with a Is 
dej Stimulus delay than witha. a 
buo The comparison gio hs 
i» iterval conditions was 1 E 
Mple one, however, for it was foun 
ee tially impossible to assess the 
*&ree of conditioned responding 07 * 


c 
lon Parable basis. Because o! i 
Gs$ latency characteristic °- ihe 
» the response occurs after ut 
pairing in the brief wee 
1 
Su the secon 
autho PPorted by a grant to ©” Ith 
Ses from the United States Public Hea 


ings? (Grant M-3916). The authors ami 
folle d to Tadao Uno for his assist 


'on of data, 


UCS interval variation produce r 
2nd response discrimination was superior to 1st response 


like behavior "through perception." 


ith a .5-sec. delay only 1 CR occurred 
5-sec. delay 2 CRs were observed: 
, and a 2nd response following CS 

Maximum discrimination occurred 


2 differential reinforcements in both interval conditions; 


ed no differences in 1st response dis- 


interval group. Results were com- 
mental defectives. The comparison 
pported the notion that the mental 
‘ough conditioning," while the college 
2nd re- 
h equal speed in the mental defective 


situation. The longer interval condi- 
tion permits responding prior to UCS 
onset. In addition to this ‘antici- 
patory" response during the long 
delay period, a “second” response was 
found to occur during the normal 
UCR period on acquisition test trials 
when the UCS was withheld. In con- 
trast, no such double responding 
occurred in the shorter interval group. 
Indeed, it was in terms of this second 
response that GSR discrimination 
performance was greater under the 
long delay condition, for no difference 
was found between anticipatory re- 
sponse discrimination and discrimina- 
tion obtained under the short delay 
condition. 

Recently, more parametric studies 
have shown that the CS-UCS interval 
“function” may be quite different in 
discrimination than in simple condi- 
tioning (where the .5-sec. CS-UCS 
interval has been reported as optimal). 
Hartman and Grant (1962) compared 
eveblink discrimination performance 
of four groups conditioned with differ- 
ent CS-UCS intervals (400, 600, 800, 
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and 1,000 msec.). They found degree 
of discrimination to be an increasing 
function of the interval of delay. 
Kimmel and Pennypacker (1963) 
employed four intervals (.25, .50, 1.0, 
and 2.0 sec.) in conditioning the GSR. 
Again, they found the degree of dis- 
crimination to be an increasing func- 
tion of the delay between stimulus 
onsets. 

The present study extends these 
results in terms of comparing GSR 
discrimination behavior in two groups 
conditioned under more widely sepa- 
rated CS-UCS interval conditions 
than previously employed in a college 
population (i.e., 5 and 5 sec.). Hart- 
man and Grant (1962) and Kimmel 
and Pennypacker (1963) found that 
their results were due to a decrease in 
response to the nonreinforced stimulus 
in the longer delay rather than an 
increase in response to the reinforced 
stimulus. If such an effect continues 
to operate when the delay is extended 
to 5 sec., then discrimination perform- 
ance should be more rapid in the 
longer than in the shorter delay 
condition. 

METHOD 

Subjects.—Forty paid undergraduate vol- 
unteers served as Ss. All were found to have 


normal hearing as determined by an audio- 
metric examination, 
Apparalus.—Two stimuli were used as 
CSs A 1,000-cps tone produced by an 
oscillator operating through an amplifier was 
attenuated to 5 db. above the sound level of 
the laboratory. The tone was delivered to .S 
through a loudspeaker, located to the left and 
about 2 ft. away from S. A 10 ft-L light was 
produced by a 2 x2 ft. light box housing 
eight incandescent bulbs behind a translucent 
surface, General laboratory illuminance was 
lftc. The light box was Placed on a table in 
front of and about 2 ft. away from S. 
Electrical stimulation was employed as the 
UCS. The shock was delivered to the volar 
surface of the right forearm through 1.5 x 1.3 
cm, silver electrodes (spaced 4 cm. from 
center to center) from a Grass Model S-5 
stimulator set for monophasic pulses at 20 
cps and 2 msec, duration, 
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Stimulus durations were controlled bed 
Hunter electronic timers. CS Sige ane 
> s in Groups | and At with ta d 
occurring at CS termination in ep m 
iter CS onset in Group Ht. i 23 T 
IHE CS duration was .5 sec. with l er 
ring at CS dog ig Me E 
interval was 5 sec. in Group T : E Was 
Groups Hl and HI. The UCS nose 
-6 sec. for cach group. Intertria ae 15, 
were manually varied irregularly among 
20, and 25 see. seletance 

“The GSR was obtained as a de rer 
change through 1 X 3 m; ils I third 
bent to the contour of S's Du A E anrod 
fingers of the left hand, coated with RS ps. 
paste and taped firmly to the radby a 
Recording of the GSR was accomplis a WO 
modified Darrow-type bridge n sr Offner 
channel Dynograph amplitier-recorde 
Type 542), 2 

Design.— he Ss were assigned 1o raip 
the three groups defined previously. and HI 
l consisted of 20 Ss while Groups LE | each 
consisted of 10 Ss cach.2 Half the se (rein- 
group received tone the positivo (non- 
forced) and light as the negative „d the 
reinforced) CS. ‘The other half do pres- 
opposite condition. The Ss receive adapta- 
entations of each stimulus during an ac ch 
tion series and 20 pre 
stimulus during the subsequent h 
series. Only one stimulus received caer 
ment during acquisition, For thi Hd T 
partial reinforcement schedule was USE on 
allow for test trials during acquis! ion- 
resulting in 12 reinforced trials and 8 "The 
reinforced trials for the positive CS. 1 oc- 
latter trials served as “test” trials * i 
curred on presentations 3, 5, 8, 10, 13, P "rhe 
and 20 of the positive CS for all S5 sarily 
negative stimulus prior to (but not dee as a 
adjacent) each test trial was designate” X oq 
“control” trial for the purpose of comp: 
with the “test” trial response. aur 

Procedure.—' he design and procec to: in 
the present study were recen 5 
earlier study with mental defective 55 
et al., 1962). However, Ss in the S 
study were informed that shock was 
administered and that they would $ » 

in Grow jug 


5 se 


d to one of 


force- 
a 


e of 


response observed when the UCS is wraitio™ 
at CS termination in Group I. In 2 ulus is 
it provides a condition where the AT cS 
contiguous with the CR, whereas the C 
when very brief terminates prior to 
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intensity of it themselves. This was not 
Possible with the mental defective. No other 
instructions were given at any time concern- 
ing the nature of the stimulus conditions. 


RESULTS 

Responses measured.—Two responses 
Were defined and measured in Groups 
l and Il on each test and control trial. 
Lhe first was the response during the 
35-sec. portion of the CS and will be 
termed the “first response.” The 
Second was the response occurring in 
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test and control trials for “first” and “second” 
responses in Group I (5-sec, CS, 5-sec. CS- 


UCS interval), Group Il (5-sec. CS, 
CS-UCS interval), and Group II ( 
CS, c. CS-UCS interval). (Responses 
adjusted for mean level of responding during 
prior adaptation series.) 


the 5-sec. period following CS ter- 
mination and will be termed the 
“second response." In Group lll, 
only the response in the 5-sec. period 
following CS onset was measured 
since this is the only response obtained 
under short CS and short CS-UCS 
interval conditions. All response am- 
plitudes were measured in reference 
to the base resistance at CS onset 
and transformed into square root of 
change-in-conductance units. 
Acquisition. —Vigure 1 presents the 
gnitude of GSR to positive 
CSs during acquisition 
These curves 


mean ma 
and negative ; 
test and control trials. 
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TABLE 1 


SON DURING 
EAN sili 7 STIMU! TF r Pornr or COMPARISON D 
MEAN RESPONSE to TEST AND CONTROL $ TIMULI AT First POIN 


Acquisition ; ADJUSTED FOR ADAPTATION LE 


IL OF RESPONDING 


7 mE i t 
Group Response Test | Control A Nene = —— MI ME 
S^ ed iN" 3.23** 
I First .56 —.06 508% 
I Second 1.55 | — 07 1 Gl 2.46* 
Ir First 1.10 | 9 E 19 97 
II Second 67 | AS “on 2.61* 
I First 1.17 | :24 : 
*b <.05 
"50 


represent "adjusted" values obtained 
by subtracting from each GSR ampli- 
tude the corresponding mean magni- 
tude of response elicited by the 
stimulus during the adaptation trials. 
This procedure was employed as a 
control for differential responsiveness 
between the different groups and be- 
tween stimuli prior to reinforcement 
within each group. No significant 
differences were found between the 
positive and negative stimuli “to be" 
for any response in any group at any 
point during the adaptation trials. 

Table 1 presents the mean magni- 
tude of adjusted test and control 
responses at the first point of com- 
parison during acquisition. This point 
followed two differential reinforce- 
ments (i.e., two reinforced and two 
nonreinforced trials in the order CS+, 
CS—, CS—, CS+). The most strik- 
ing feature of the curves in Fig. 1 is 
that the degree of differential respond- 
ing was, in general, maximal at the 
first point of comparison. Table 1 
shows quite significant discrimination 
for both first and second responses in 
Group I. Less reliable, but significant 
discrimination was also obtained for 
the first response in Groups II and 
III. The second response in Group II 
failed to show discrimination? 


3 It should be noted here that significant 
discrimination performance occurred for the 
Second response in Group II at the first test- 
control point of comparison when the last 


Inspection of Fig. 1 indicates oe 
discrimination performance was r iei- 
tively constant throughout hos oni 
tion. There was no indication pc 
the magnitude of response to tur 
nonreinforced stimulus decreases € ue 
ing acquisition in either the ae e 
short interval groups. Likewise, x 
appears to be no consistent ge n 
response magnitude to the pos! 
CS in either interval group. "m 

Although it was not generally P ed 
sible to analyze responding p n 
the first point of comparison pae 
acquisition, it was possible to do 
for the first response in P 
Table 2 shows the magnitude of G d 
on the last trial during adaptation ano 
the first two trials during aequis The 
for both the CS++ and the CS-. BE 
response to CS— failed to ime d 
over the level of response during ad rd 
tation. The first trial during pe mn 
tion on CS+ was actually a indi 
adaptation trial since the UCS di 
occur for the first time until 


R 


; i was 
response to “test” and "control" stimuli Ypg 
used in the adjustment procedure (ems 5 t of 
the only result which changed as a an the 
employing the last response rather B 
average response during adaptation)... 
most obvious explanation for such discri oin 
tion at a point quite removed from reet 
of reinforcement would involve bac “prior 
conditioning, i.e., the UCS terminating P. y 
to stimulus offset (which in this case effect 
serve as the CS). However, this 
rapidly disappeared. 
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TABLE 2 


MacGnirupr or GSR ELiCITE 


ny CS- AND CS— DURING FINAL TRIAL OF ADAPTATION 


SERIES AND First Four ORDINAL TRIALS OF THE ACQUISITION SERIES 


y Acquisition 
Stimulus Adaptation Trial 6 
Trial 1 Trial 2 Trial 3 Trial 4 
CS4- 1.51 1.01 = 1.89 
cs- 1.24 e: 1.26 1.30 = 


termination, hence the lower respond- 
ng (Le. continuing adaptation) on 
this trial as compared with Adapta- 
tion Trial 6. However, the first 
response on the second presentation 
of CS- was significantly greater than 
the last presentation of this stimulus 
during adaptation, and more impor- 
tantly, greater than the second pre- 
Sentation of CS— during acquisition, 
£ (19) = 3.65. 
First response discrimination per- 
9rmance in Group II was not different 
tom that obtained in Group IIT, 
! (18) — 70. Second response dis- 
U'mination was significantly greater 
than first response discrimination 10 
Toup I, ¢ (19) = 3.18. To compare 
discrimination across CS-UCS inter- 
Val conditions, the .5-sec. groups Were 
Combined, A significant Discrimina- 
e X Interval interaction was ob- 
ained in terms of the second response 
o! the long group compared to the 


"St response of the short group, 


F (1,38) = 4.05, When the out 
sponses in both interval groups Wo 
1n- 


E "pared, the interaction was 
Enificant, P (1, 38) = 44 


DiscusslON 


S-see, à s i 
» Sb CS DOn inbars of first 


iscrimination occurrec, 


B ] isc 
in Second response disci? cu 
e S.sec. group was significantly 


greater than first response discrimination 
in the .5-sec. group. However, this 
statement reflects a complicated and 
possibly illogical comparison of dis- 
crimination performance when there is 
manipulation in the CS-UCS interval 
parameter since there is no comparable 
"second response" in the short interval 
condition. For this reason it may be 
incorrect to speak of a strict CS-UCS 
interval "function" in GSR discrimina- 
tion conditioning. 

If the actual response process (GSR) 
plays any crucial role in the conditioning 
process, then it would be expected that 
stimulus conditions allowing GSR re- 
sponding prior to UCS would lead to 
different response behavior than when 
conditions permit no such “anticipatory” 
responding. However, the results in- 
dicate that in terms of the first response 
occurring to the CS, the CS-UCS interval 
variation had no effect (i.e. the Dis- 
crimination X Interval interaction was 
insignificant). Apparently for college Ss 
the .5-sec. delay is sufficient to permit the 
development of a discriminatory process 
which shows itself immediately in terms 
of differential autonomic behavior. Since 
the CS-UCS pairing terminates prior to 
the actual GSR occurrence, the dis- 
criminatory process may develop prior 
to autonomic involvement. It would 
the actual response system 
plays little part in the development of 
the discrimination. It might be hy- 
pothesized that the GSR as a response 
was not directly conditioned to the CS, 
but more nearly reflected a conditioned 
cognitive Or perceptual discrimination. 
Since no difference was found between 
the short and long interval groups this 


appear that 
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conclusion may apply to 
interval condition as well. 
It would appear that the fact of 
differential reinforcement is more im- 
portant in producing discriminatory be- 
havior than is the temporal relation in 
which such reinforcement is presented. 
This statement is not simply an obvious 
one, for some theories of classical condi- 
tioning hold that little or no GSR 
conditioning occurs when the CS-UCS 
interval exceeds 1 or 2 sec. (e.g., Moeller, 
1954; White & Schlosberg, 1952). If this 
held true in the discrimination situation, 
then temporal delay between CS and 
UCS onsets would be a more determinant 
variable than the actual differential 
reinforcement. (It should be pointed 
out that the stimuli in the present study 
were qualitatively. different—tone and 
light. This may have facilitated dis- 
crimination. Had the stimuli 
varied quantitatively—e.g., wavelength 
or frequency—the CS-UCS interval 
might have played a more influential 
role.) 
The interstimulus interval parameter 
was equally ineffective in a mental 
defective population in terms of first 
response discrimination (Grings et al., 
1962). However, in that population, 
first response discrimination was found 
to be an increasing function of number of 
differential reinforcements, a result not 
found in the college population. It could 
be hypothesized that while the GSR 
behavior of the mental defective repre- 
sented a conditioned discrimination in 
the usual sense, GSR behavior of the 
college S represented more nearly a 
response to an immediately developed 
perception of stimulus rslations. More 
simply, the mental defective attained 
“perception through conditioning" (Raz- 
ran, 1955), while the college .S sl 


the longer 


been 


10wed 
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conditioning-like behavior “through per- 
5S on. 
“While such differences between college 
Ss were not unexpected, it was blige 
to observe that second response pt 
crimination occurred at the same "m 
in acquisition in both aon nde 
after two differential reinforcemer «a 
It is conceivable that second ag or 
discrimination represents à more Cm 
process in classical conditioning : du 
first interval discrimination. Seen To 
sponse discrimination may iesu dide 
to or be unaffected by verbal-percept ise 
control, while the first response maf 
readily modified by verbal-perceptu? 
factors. . P 
Regardless of the interpretation 1 os 
upon these data, second sage jud 
crimination continues to pose a pro? 


aced 


ic con- 
for theories of classical autonomic 
ditioning. 
REFERENCES 
3 now v DaM- 
Grincs, W. W., LOCKHART, R. A M Ami 
ERON, L. E. Conditioning aut 4 


tute 
responses of mentally subnormal indivi’ 
vale Psychol. Monogr., 1962, 76(39, Whole 
No. 558). e s 
Hartman, T. F., & Grant, D. A. oA 
tial eyelid conditioning as a function [^ 
CS-UCS interval. J. exp. Psychol., 1902 
64, 131-136. " 
KiwMEgL, H. D, & PrxNvpAckER, H., jn 
Differential GSR conditioning as a funes 
of the CS-UCS interval, J. exp. Psychol 
1963, 65, 559-563. P š 
MoELLER, G. The CS-UCS interval in coD 
conditioning. J., exp. Psychol., 1954, 
162-166. -— 
Razean, G. Conditioning and percep 
Psychol. Rev., 1955, 62, 88-05. f 
Warte, C. T., & ScaLosreRG, H. Depe 
conditioning as a function of the peg 3 
delay. J. exp. Psychol., 1952, 43, 351- 


(Received March 27, 1963) 


Journal of Experimental Psychology 
1964, Vol. 67^ No. » Ur d 


EFFECT OF INSTRUCTIONAL SET ON RESPONSES 
TO COMPLEX SOUNDS? 


STANLEY J. RUI 
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90 Ss rated sounds ut 
The sounds were composed of a ri 
ponents. 4 factors of 
(b) fundamental tone frequency, 
(d) overtone intensity. An 
instructions and stimulus factors 
give different emphasis to stimt 
emphasized most under loudness 
and annoyance instructions, Fun 
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c ie fundamental problem in psy- 
acoustics has been that of relating 
Physical measures of sound to psycho- 
Ogical measures. In many Cases the 
PPerations which define the psycho- 
gical measures are the instructions 
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tone intensity. 


of Washington 


noisiness, or annoyance instructions. 


a) overall intensity, 
(c) fundamental tone intensity, and 


analysis of the interactions between 


indicated that instructions set Ss to 
ilus factors. Overall intensity was 
instructions, followed by noisiness 
damental tone frequency and funda- 
greatest emphasis under annoyance 
instructions. No 


and Kryter (1944) determined equal 
annoyance and equal loudness con- 
tours for bands of noise 250 mels wide. 
Their findings were similar to those of 
Laird and Coye, but less pronounced. 

Stevens (1956) developed the mark 
II version of the loudness scale to 
measure the loudness of sound spectra 
several octaves wide. A modification 
of the mark IT loudness scale has been 
made by Kryter (1959, 1960) on the 
basis of the study previously cited 
(Reese & Kryter, 1944). The result- 
ing scale was intended to measure Ss’ 
responses to the noisiness of broad- 
band noise spectra. By substituting 
the term noise in the above scale for 
annoyance, the term originally used in 
Reese and Kryter's research, Kryter 
has evidently assumed that the two 
terms yield equivalent results. How- 
ever, no data are available concerning 
possible differences in responses to 
sounds under noisiness and annoyance 


instructions. 
An addition 


adequate rese 


al problem is the lack of 
arch on the effects of 
discrete tones on judgments of noise 
Neither the mark Il loud- 
nor the perceived noisiness 
ased on stimuli with dis- 


spectra. 
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crete tone components, This lack of 
data may have led to misinterpreta- 
tion of results. For example, Cope- 
land, Davidson, Hargest, and Robin- 
son (1960) instructed Ss to equate 
various jet aircraft sounds for loud- 
ness. Their findings indicated a closer 
relationship of Ss' loudness judgments 
with the noisiness scale than with the 
mark IT loudness scale. Robinson and 
Bowsher (1961) found similar results 
when Ss were instructed to equate the 
loudness of helicopter noise with a jet 
airplane noise. 

These findings if taken at face value 
would indicate that the perceived 
noisiness scale is a better measure of 
loudness than the mark II loudness 
scale. Since jet airplane noise con- 
tains discrete high pitch tone com- 
ponents, the results may have been 
due to the exclusion of discrete fre- 
quency components in construction 
of the two scales, Discrete frequency 
components may contribute an in- 
crement to Ss’ judgments above that 
contributed by the overall band in- 
tensity. If this assumption is true a 
closer relationship would be expected 
between the noisiness scale and loud- 
ness judgments of noise which con- 
tained high-pitch discrete tone com- 
ponents. Since the noisiness scale 
gives greater weight to the higher 
octaves than the mark II loud- 
ness scale, the perceived noise scale 
may have inadvertently given proper 
weight to the discrete frequency 
Components, 

To provide additional information 
on the effects of discrete tone com- 
Ponents on judgments of sound, the 
stimuli in the Present study consisted 
of a broadband noise which contained 
a fundamental tone and its first Over- 
tone. The stimuli varied along four 
dimensions: (a) overall intensity, 
(b) fundamental tone frequency, (c) 
fundamental tone intensity, and (d) 


overtone intensity. ‘This study ra 
designed to ascertain the sélarioneup 
of loudness, noisiness, and annoy pam 
instructional sets to cach of the fot 
stimulus dimensions. 


METHOD 


sis of 
Apparatus.—Vhe apparatus eigens : 
an Ampex 601-1 tape orm re Sr 
magnetic tape, and five Brush Mode aed 
earphones. ‘The carphones were d 
within 2 db. from 50 to 10,000 cps. lie i 
on each tape were sounds to be Amm Ps 
Ss. The tapes differed only with res 


P ared. The 
order in which the sounds appeare 
order of presentation was 1 T 
The auditory stimuli consisted of : 


ANS 
pa : T air Was 
of sounds. ‘The first sound in cach pa 


‘The broad- 
broadband noise at 76 db. SPL. gee 
band noise was produced by a rane 1 energy 
generator and shaped to yield equa A 

per octave, ‘ of 

The second sound in each pair eek dim 
36 complex sounds, consisting of a bros The 
noise with discrete tone components. ctave. 
broadband noise had equal energy per "By a 
The discrete tones were produced rator. 
variable oscillator and a harmonic tee the 
The complex sounds were constructec i sign: 
basis of a 3X3X2X2 factorial cee sity 
The four variables were: (a) overall item 
of the stimulus (ie, the broadband 1 Ae 
with discrete tone components) set at 7 tone 
73 db., and 80 db. SPL; (5) fundamental 
frequency set at 500 cps, 1,700 cps, and ta 
cps; (c) fundamental tone intensity En and 
12 db. and 24 db. SPL above the bros tive 
noise (fundamental tone amplitude re stor 
to zsth octave band); and (d) first ve indie 
intensity set at 25% and 75% of the fi 
mental tone sound pressure level. 

The first overtone intensity was 
mined in terms of a proportion of the | nshi 
mental tone intensity, since a rela. in 
between these variables is usually fou tua- 
noise produced outside the aea e d the 
tion. The 25% and 75% intensities: | 5d 
12-db. fundamental tone were 3 db. an 
respectively; and the corresponding 
tensities for the 24-db. fundamental tone 
12 db. and 18 db., respectively. " 

Subjects.—Ninety Ss participated ps : 
experiment to complete a requirement Pig 
introductory course in psychology. = istorY 
was restricted to Ss who indicated no h! with 
of hearing loss and who were DO Ss 
respect to the purpose of the study. 


deter 
funda- 


" 
in- 
were 


, the 


RESPON? 


who failed to follow instructions were replaced 
with two additional Ss 
Procedure.—Vhe Ss were divided into 18 
groups of five Ss each, The conditions were 
assigned to the groups on the basis of a 
3 X6 factorial design. The two factors were 
the instructions, varied in three Ways, and the 
order of presentation of the 36 pairs of stimuli, 
varied in six ways. 
lhe Ss were brought into the experimental 
room in groups of five and seated around a 
Rble; Low partitions separated each S. 
meh S received an 11-point rating scale. 
4 e Ss were given loudness, noisiness, or 
nnoyance instructions. The 55 in the loud- 
Ness condition received the following in- 
Structions: 


Today I want you to make judgments 


about the loudness of sounds. When 
inish the instructions you are to put on 
n a tape 


your earphones, I will turn Or ) 
recorder, and you will hear several pairs of 
Sounds. You are to judge the loudness of 
the second sound in each pair. Each of you 
Notice that each line 
Under No. 6 
r No. 11 is 
io. 1 is much 


ess, Tf the second sound in à D 
as as the first put an X on NO. > 
Second sound is louder than the first put an 
* on 7, 8, 9, 10, or 11 depending on how 
much louder it seems to be. If the second 
quand is less loud put an X on 5, 4,3, 2, ori 
i pending on how much less. It is easiest 
eq You consider each of these numbers as 
a ps units of loudness. The first sound 19 
3t Unit 6, Your job is to determine the 
bie of loudness of the second soune: , T he 
of as will be presented in this way, ? ge 
ound 1, 2 sec. of silence 3 sec. of Soun 
"Lollowed by 10 sec. of silence, during 
Vhich you are to make your Jut 
Se the first line for th 
ds, the second line for t ) 
Ting continue on down the page usin € 
e © only once. Otherwise, have no V ay 
jug, ermining which pair of sounds we 
&ments represent. Are there any 
Questions» (pause) 


Sour 


emember that you are judging the 
i d in each patr 


loy 

angitess of sounds, the secon pee 
Put to use each line only once . de Av 
on your earphones I will begin the * 


"ecorder, 
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appropriate grammatical form of noisiness or 
annoyance, 

After the instructions were given, Ss 
on earphones, and E began a Lee Pre ho 
The Ss rated the second sound in each pair. 
The first sound in a pair, a broadband noise 
at 76 db. SPL, was presented to give Ss a 
common adaptation level. 

When Ss had completed the ratings they 
were asked to write their names on the rating 
sheets. One S from each group was selected 
at random to return for a second session on 
the following day. During the second session 
cach S received the same condition he had 
received the previous day. The second 
session was introduced to provide an estima- 
tion of the reliability of Ss' ratings. The 
experimental sessions lasted approximately 
25 min. 


RESULTS 


The data were taken directly from 
Ss’ ratings. Pearson product-moment 
correlations were computed between 
ratings from the first and second 
sessions for those Ss who returned for 
a second session. The mean correla- 
tions, averaged across orders, for loud- 
ness, noisiness, and annoyance in- 
structional sets were .90, .85, and .82, 
respectively. The mean correlation 
for all groups was .86, which indicated 
the degree of stability of Ss’ responses. 
The ratings from the first session were 
by a split-plot analysis of 
variance. Two factors, the six orders 
of presentation and the three instruc- 
tional sets, were assigned to Ss; the 
levels of the four stimulus factors were 
ithin Ss. The latter vari- 
(a) three levels of 

10 db., 75 db., and 
80 db. SPL; (b) three fundamental 
tone frequencies, 500 cps, 1,700 cps, 
and 6,100 cps; (c) two levels of the 
fundamental tone intensity, 12 db. 
and 24 db. SPL above the broadband 
noise level; and (d) two levels of the 
first overtone intensity, 25% and 75% 


of the fundamental tone SPL. 
imulus presentation.—No- 


Order of st 
differences were found among the 


six orders of presentation, F (5, 72) 


analyzed 


assigned W 
ables include: 
overall intensity, 
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< 1.00, nor was the Order X In- 
structional Set interaction significant, 
F (10, 72) = 1,32, p > .05. 

The Order X Stimuli interaction 
yielded a significant F when tested 
against the Blocks X Stimuli residual 
error, F (175, 2520) = 2.01, p< 01, 
(error MS = 2.00). "This finding 
indicated that the Order X Stimuli 
interaction was the appropriate error 
for tests of significance among the 
levels of each of the stimulus vari- 
ables, the interactions among stimuli, 
and the interactions between set and 
stimulus variables. Since order wasa 
random variate, each of these 
contained the variance due to the 
effect itself, the variance due to the 
interaction. between order and the 
effect, and the error variance, Signifi- 
cance tests of these effects with 
the residual error term would have 
been inflated, since the Order X Effect 
variance had been removed from 
the residual error. This would have 
tended to produce a Type I error, 
In the present study the MS for 
the Order X Stimuli 
(MS = 4.19, df = 175) was used for 
significance tests of the main stimulus 
effects and all interactions involving 
stimulus variables, For significance 
tests of the two factors assigned be- 
tween Ss (ie, instructional sets, 
orders, and Order x Instructional Set 
interaction) the usual within-Ss error 
term was used (MS within Ss = 14.24, 
df = 72). 

Instructional sets—The means for 
instructional sets were 5.81 for loud- 
ness, 5.86 for noisiness, and 6.83 for 
annoyance. These differences were 
significant, F(2,72) — 5.86, p < .01, 

Interactions between instructional set 
and stimuli,—A clearer picture of the 
relative emphasis given to each of the 
Sound components is presented by an 
examination of the interactions be. 
tween instructional set and stimulus 


effects 


interaction 
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TABLE 1 


STENSITY UNDER 
RATINGS OF OVERALL INTENSITY UNT 


EACH INSTRUCTIONAL 
——— 
Overall Intensity. | yana 
" between 
Instructional Mean Rating | AS 
Set Mirinas | 
70 db., 75 db, 80 shi ws 
ee ee 5.6 TT 7.09 
Loudness | 3.20 | 5.09 | 8.53 102 
Noisiness | 3.26 par | 23. 2:96 
Annoyance | 5.03 | 7.0( 18: im 


variables. The data pertinent sa 
Instructional Set X Overall p | 
interaction are presented in eris 
"The ratings under cach of the in$ n 
tional sets were directly related yd 3 
overall intensity; however, the uud 
ance of the means was greatest edes 
the loudness set, slightly less vr dis 
the noisiness set, and least under tht 


k wey = 25.97, 

annoyance set, / (4, 175) 

P< 01, instruc- 
The interaction between ins 


tional set and fundamental tone D 
quency was also significant, F (4 lata 
= 7.29, B < 01. The relevant ¢ zi 
are presented in Table 2. An ane 
nation of the data indicated that » 
order of the means was the same Le ns 
loudness and noisiness instruct, 
with the 1,700-cps tone receivit b no. 
highest ratings, followed by the 6, ely- 
cps and 500-cps tones, respective 
Relative to the 1,700-cps tone, 


TABLE 2 


RATINGS OF FUNDAMENTAL TONE n 
UNDER EACH INSTRUCTIONAL S 


uENCY 


Frequency 


Variance 


Mean Rating betwee? 
Means 
500 1,700 | 6,100 P 
cps | eps | eps — 
Loudness 5.54 | 6.01 | 5.87 a 
Noisiness | 5.50 | 6.04 | 6.03 "547 
Annoyance | 6.00 | 7.07 | 7.42 G 


RESPONSES TO COMPLEX SOUNDS 


6,100-cps tone received higher ratings 
under the noisiness set than under the 
loudness set. A different order of 
Means was found under the annoy- 
ance set, The 6,100-cps tone received 
the highest ratings, followed by the 
1,700-cps tone and the 500-cps tone. 
These data indicated a shift in 
emphasis toward the higher fre- 
quencies from loudness tO noisiness 
and from noisiness to annoyance B 
Structional sets. 

Thedata relevant to the interaction 
Petween instructional set and funda- 
Mental tone intensity are presented e 
Table ma o interaction. Was sig- 
nificant, P (2, 175) = 20.56, bee 
Although the 24-db. fundamental tone 
received higher ratings under each of 
the instructional sets, the difference 
Petween the means for the {2-db. and 
t under the 


"db. tones was greates er 
noisiness 


annoy: 1 
are ance set, followed by 
á 5 H 

'd loudness sets, respectively’ 


No Instructional. Set X imet 
p ensity interaction Was found, 
us lud 

(2, 175) < 1.00. p 

Stimulus variables.—Significant dit- 

levels 


Erenn, g 
of ences were found among the 

ach of the main stimulus variables. 
ls of three 


Iffere x 
lerences among the leve 
F should be 


ms main effects, however, $ iid 
in preted in terms of the parti pl 

Structional set considered. The 
Mee variables were overall intensity; 


TABLE 3 


Ra, 
ATIN i 
INGS or FUNDAMENTAL 


UNDER EACH InstRuCTIONAL 


Fundamental Tone 
Intensity 


I 
"Sttuetionap [——— piii. 
SE Mean Rating 
12 db. 24 db. 
Loud fa oe ee =e 
Noising’® 5.78 5.84 108 
ISiness 5 97 E: 
"nno 5.74 Bi 111 
yance | 6.27 7.38 : 
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F (2,175) = 5891.70, p < .01; funda- 
mental tone intensity, F (1,175) = 
176.87, p < .01; and fundamental tone 
frequency, F (2, 175), p < .01. 

The difference between the levels 
of the fourth variable, overtone in- 
tensity, was also significant, 7 (1, 175 
= 10.02, p <.01, with the higher 
overtone intensity yielding higher 
ratings than the lower overtone in- 
tensity. No significant interaction 
was found between instructional set 
and overtone intensity, indicating 
that the differences were approxi- 
mately the same under each of the 
three instructions. The interaction 
between overall intensity and funda- 
mental tone frequency was significant, 
F (4,175) = 244, p < .05. The dif- 
ferences among fundamental tone 
frequencies decreased as the overall 
intensity increased. The data indi- 
cated a significant interaction between 
overall intensity and fundamental 
tone intensity, F (2, 175) = 3.27, 
p< 05. The differences between the 
means for the 12-db. and 24-db. fun- 
damental tones decreased as the 
overall intensity increased. These 
two interactions were probably due to 
an increase in masking as the back- 
ground intensity increased. 

The fundamental tone frequency 
interacted with fundamental tone in- 
tensity, F (2 175) = 8.03, p < .01. 
The data indicated that the differ- 
ence between the means for funda- 
mental tone intensity was greatest for 
the 1,700-cps tone, less for the 6,100- 
cps tone, and least for the 500-cps 
tone. 

The Fundamental Tone Intensity 
x Overtone Intensity interaction was 
significant, R (1175) = 5.25, p < .05. 
The differences in ratings of the two 
overtone intensities were greater when 
presented with the 24-db. funda- 
mental tone than with the 12-db. 


fundamental tone. 
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All remaining interactions were not 
significant. 


Discussion 


The data indicated that the instruc- 
tions functioned to set Ss to emphasize 
Particular aspects of sound stimuli. 
Overall intensity was emphasized most 
under loudness instructions, followed by 
noisiness and annoyance instructions, 
respectively. The order of relative 
emphasis was reversed for fundamental 
tone frequency and fundamental tone 
intensity. Highest emphasis was given 
under annoyance instructions, followed 
by noisiness and loudness instructions, 
in that order. In all cases the noisiness 
instructions yielded data more similar 
to loudness instructions than to annoy- 
ance instructions, No differences in 
emphasis among instructions were found 
for overtone intensity, 

The differences 
among instructional 
lems of interpretation 
1960) perceived noise 
ceived noise Scale could be more accu- 
rately referred to as an annoyance scale 
than as a noisiness scale, since the 


€ original 
research was based on annoyance in- 
structions. 


The present study indicated 
that noisiness and annoyance instruc- 
tions did not yield equivalent results, 
The lack of significant second-order 
interactions among set and stimulus 
factors suggested that interactions among 


stimuli were independent of instruc- 
tional set, 


in emphasis found 
Sets indicate prob- 
of Kryter's (1959, 
Scale. The per- 


Ce, as such, their form 
would not be expected to vary 
different instructional set. 

The results may be applicable to 
practical problems of community reac. 
tion to noise. Until the present time 


Mio a 
i i » been selected on a 
structional sets have been s ; 
ee Researchers 


nore or less intuitive ba RGSCATON 
"ii assumed that a noise MS ar 
"annoys" members of a community, à n 
selection of instructions scemed hs 
based on these assumptions. hes e 
ings of the present study ae a 
empirical procedure for selec un v 
structions for scaling human reac ar 
Noise situations. dus Ng tienen no 
first determine the relative contri icm 
components to comm 


e se- 
ructions may then be $ 
Instructions may ize the 


of sound 
reaction. à 
lected which set Ss to i wa les 
pertinent sound er nip Napa ct 
cedurc has the advantage o pic ee 
the assumption of seen © E be 
herent in much of the researc 

area. 
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University 0j 


3 experiments are report 
acclimatization on R str 
of cold-acclimatized ra 
having competing Rs 
speeds, The 2nd was concerned 
acclimatization and food deprivat 
ments lend some support toa prev 
production is part of a generalized 
ment, performed largely as a con 
of differently acclimatized rats f 
results did not detract from 
provided specific data on the n 


ength. 


effects of tem- 
runway 
accli- 


Early studies of the 
Perature acclimatization On 
Performance suggested that cold- 
patized rats run faster in runways of 
oth normal and high temperatures 
Cose do normal- and heat-acclima- 
ne animals (Hellmer, 1943; LU 
Tew; Since food was used as the 
he a for running, and it is — 
acel; the food consumption of “i T 
mi imatized animals is increase» } 

ight be supposed that the increase 

Strength of the cold-acclimatized 

S was related to an increased hun- 
‘as drive. Teichner and Youngling 
Wa 62), however, have dien Po 
Us en essentially satiated animats E s 
R ed in a shock escape situation» » 
majo egth of cold-acclimatized he 
torn is still greater than that f 
of vals. Thus, another explanatio 

the effect must be sought. 4 

n interesting possibility, propose 

eichner and Youngling (1962); 
ates the known effects of col 
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f Massachusetts 


ed concerned with the effects of temperature 


The 1st dealt with the performance 


ts in a normal temperature runway when trials 
are included in or excluded from the average 


with the interaction of temperature 
ion on running speed. Both experi- 
ious proposal that the metabolic heat 
] drive mechanism. The 3rd experi- 
trol question, scaled the preferences 
or air temperature exposures. The 


the metabolic hypothesis and, in addition, 
ature of temperature-preference functions. 


acclimatization in animals to the 
concept of generalized drive (D) 
(Hull, 1943; Spence, 1956). Accord- 
ing to this notion, D is a hypothetical 
state of the organism inferred from the 
relationship between antecedent con- 
ditions like food and water depriva- 
and the observation that the 
strength of R varies with the degree 
of such conditions. D is conceived of 
asa generalized state which (a) repre- 
sents the resultant of all available 
specific physiological states produced 
by simultaneously effective antece- 
dent conditions and (b) acts as a non- 
specific influence on R strength; that 
is, as D varies, R strength varies 
regardless of the specific nature of the 
R so that all evoked Rs are affected 
impartially. Since the metabolic rate 
is a measure of the general heat- 

roducing activities of all of the cells 
of the body and since it is known to 
vary with all specific physiological 
conditions including those such as 
food deprivation which have received 
the most attention in regard to D, it is 
an inviting hypothesis to consider 
the metabolic rate as the generalized 


tion, etc. 
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physiological state for which D is a 
model. 

Among the expectations of this ap- 
proach to D are such common findings 
as those which show that with in- 
creased deprivation, the strength of 
learned Rs increases, general activity 
increases, etc. Since the effects of 
cold acclimatization include an in- 
crease both in basal metabolic rate 
and in activity, it is inviting to 
consider the possibility that one 
functional effect of such acclimatiza- 
tion is an increase in basal D level. 
Teichner and Youngling's (1962) find- 
ing that R strength is increased is 
consistent with this possibility, The 
present experiments were an attempt 
to investigate the utility of a metabo- 
lism-D concept farther especially in 
the context of temperature acclima- 
tization. 

EXPERIMENT I 


Estes (1958) has Suggested that, 
for the rat in a runway, if trials in- 
volving Rs in conflict with goal- 
directed running are eliminated from 
running speed averages, variations in 
the time of food deprivation will have 
no systematic effect on the strength of 
the running R.  Cicala's (1961) results 
do not support this suggestion, but 
instead appear clear in showing that 
with or without including competing 
R trials in the average running speed, 
R strength is dependent on the 
duration of deprivation. If Cicala’s 
results with deprivation could be 
generalized to the effects of cold 
acclimatization, some further context 
of support would be provided for the 
metabolism-D hypothesis. 


ment I was intended to explore this 
possibility. To do this, conditions 
permitting still further refinement of 
the “pure” running R were set up. In 
addition, the experiment was designed 
to evaluate the effects o 


Experi- 


f a change 


in acclimatization temperature on : 
strength. This was done to extend 
the results. of previous teup mn 
experiments (Hellmer, 1943; de 
1944; Teichner & Youngling, 1962) is 
all of which comparisons were m 
only as between-temperature etes ^! 
Thus, the confounding of pecia 
ture and S groups remains a poss! 
experimental artifact. 


Method 


Apparatus. — The apparatus W if 
wooden runway, 88 in. long, paintec 1 with - 
inside and out. The top was Carers od guil- 
in. hardware cloth. Manually opimme goa 
lotine doors defined the starting a hee’ 
boxes each of which was 11 in. But, oin. 
independent, photoelectric sensing, ccessive 
relay circuits separated three BUS long, 
segments of the runway, each 11 M "The 
between the starting and goal boxes: holes 
light beam was placed through hes floor. 
whose centers were 2 in. above the ment 
Three .01-sec. timers permitted pen : 
of the time used by S to traverse "ui E 
ment. Visual observations made J 
furnished records of instances w^ it 
competing Rs took place within the ime as 
each segment. A competing R was denos the 
any interruption of the forward motion o » 
animal It was u lly characterize sih 
stopping; retracing; investigating the Jong 
floor, or upper space; scratching; etc. As con" 
as the forward motion of the animal EP 
tinued, no competing R was recorded. I first 
recorded only the occurrence of the "^^ 
competing R within each segment. 

Oxygen consumption was measurec Y 
à six-channel spirometric apparatus DE 
the specifications described by Haldi, sed in 
and Breding (1961). Animals were Bur gr 
individual cages during Phase I and "Phases 
perature-controlled chambers during 
II and HI. 

Procedure.— Twenty Sprague-Daw 


as a straight, 
at black 


which 
5 0 


| using 
te tO 


ley male 


a 

tone 

rats, 350-400 gm. at the start, were Be days 
23-hr. food deprivation regime for ie they 


During this period and the following 0 Lina 
were housed under ordinary conditions 1° ^ 
air-conditioned laboratory tiaina na pre- 
74° F. In the period which followed ee 
acclimatization phase), each .S was run, à 

successive trials per day for 11 days !! o 
runway to a small, constant size, pelle, 
the average the animals had been wi co 
food for 18 hr. at this time. Oxygen 


hout 
n^ 


sumptions, body weight, and food consump- 
tions were obtained at periodic intervals up 
to this point. The first two measures were 
taken when the animals had been without 
food for 6-8 hr. ‘Two successive «min. Os 
determinations were always taken and 
averaged to provide a single O estimate. 

On completion of the preacclimatization 
Phase, the animals were separated into two 
groups matched as closely as possible for mean 
and standard deviation of metabolic rate. 
gne of these groups, chosen at random, was 
The assigned to continued living at 74° F. 
The cer was assigned to living in 50 E. 
Sh hae CEFOUDS were split into two subgroups 
T s e Ss cach and each subgroup was hau 
is a single, large temperature-contre ec 
à amber, The Ss were maintained in these 
cages on the 23-hr. deprivation for 20 d 
acclimatization phase) without further € 
Posure They were removed 
only ). consumption 
ystacclimatiza- 
three 


to the runway 
LC NA obtain periodic O: 
tion S Following this (pc cc 
Sie e) the animals were given 5 
day ive daily trials in the runway for : 
as befi The runway temperature was f- dE 
accli ore, Otherwise the procedures ol 
ys ation phase were continued 
Mean me the preacclimatization P 
.54 metabolic rates of the two group®, 
at "RS O cm?/hr for the group continuec 
ind .56 cc Os/cm?/hr for the group 


hase the 
ps were 


eens, hc n 
ss acclimatized to 50° Pe The me ol 
Derio, groups during the postacclimati ation 

lod were 46 cc Os/cm?/hr for the 74° F. 


en 7 
iuba and .69 cc O;/cm?/hr for the 50° F. 
Was [e ation matching 
diffe two, groups 
Pis, markedly during the postacclimatiza- 
onsumption 

ges 

be 


Results 


Mir E's visual observations lies 
in w] bee define trials within seamen 
ne a it could be said that at cep 
Mea Ompeting R had occurred. B 
me,» Dumber of such trials per Se 
and postacclima- 
Fig. 1- 
eting R 
reaccli- 


T lor the pre- i 
ay be phases is shown 10 
trials € seen that more comp 
Occurred during the P 


SUCCESSIVE ALLEY SEGMENTS 


Fic. 1. Number of competing R trials 
per segment before and after the acclimatiza- 
tion period. 


matization phase, that the number of 
such trials was not too large, and that 
the number of such trials decreased 
from the first through the third seg- 
ments of the preacclimatization phase 
whereas later there was little or no 
difference. between the second and 
third segments. The figure also sug- 
gests à slight bias for fewer competing 
R trials in the 50? F. group in both 


phases. 

Figure 2 presents the mean recip- 
rocal running times taken over each 
phase for the two groups in the three 

of the runway. This figure 

also permits a comparison of the data 
when all trials are averaged in and 
when trials having competing Rs are 
omitted from theaverage. Again the 
data show à slight, but consistent bias 
of the 50° F. group for greater speeds. 
'They suggest too that when compet- 
ing Rs are omitted during the pre- 
acclimatization phase, the bias is 
In spite of this, these 
results appear clear in suggesting that 
d of the cold-acclima- 


the running spee 
tized group tended to increase more 


than that of the 74° F. group. 
tion of Fig. 2 suggests that 


segmen ts 


increased. 


Inspec 
running speed tended to be greatest 
in the middle segment. This is 


not consistent with the goal-gradient 
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190 


1/t SEC. 


IN 


RESPONSE SPEED 


POST-ACCL. 


I 2 3 
Fic, 2. 
competing Rs, before and 


principle (Hull, 1943), 
able in light of the requirement for the 
animal to decelerate as it approached 
the goal. In the same way, the failure 
of the first Segment to yield speeds as 
high as the second Was presumably 
due to the initial acceleration required, 
When these things were considered 
along with the very small differences 
in the number of competing Rs shown 
in the last two segments in Fig, 1, 
it appeared reasonable to select the 
middle segment 
measure of 
this reason 
selected for 
Figure 3 presents 
rocal running time 
Second segment for t 
the experiment. 
these data that 
interpretation of t 
mitted by averag 
Compared to omit 
trials, The figure also Suggests that 
the small bias in running speed shown 
in Fig. 2 was not consistent over the 
preacclimatization phase. [n fact, 
considering the all R data, the 50° F. 
Stroup was slower than the 74° F. 


but is reason- 


trials as 
ting competing R 


| 2 3! 2 31 
SUCCESSIVE ALLEY SEGMENTS 


Running speed averages per segment with and without 
after the 


TEICHNER 


WITHOUT 
COMPETING Rs 


— 50°F 
--- 74°F 

/ E 

/ 
i 
/ 
/ 
^ us rd 
4 `œ 
"d 
7 
PRE-ACCL. ^ POST-ACCL. 
ear 
2 3 


acclimatization period. 


A se 
group in the last 5 days of sie 
and, omitting competing R tria erat 
differences between the mcdia the 
very small and inconsistent dur pow 
same period. On the other ation 
considering the e ws aie dti 
period, the data are clear Hr d 
a consistently greater running SI 
for the 50? F., group at al] times. T 

Since there were no essential ol 
ences in the speed data with or wit 


i 4 A 2 jals, 
out including competing R tr 
20- 
" ALL RESPONSES acu 
MIT eem. nm 
o E Au sU v 
S 10 z P == Soc 
z AN" zs TARE 
e =- 
g WITHOUT COMPETING RESPONSES 
£20 "m. 
AY 
2 15 fre Oe 
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2 
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CLITTTTIO 
12345678900 1234 pei 
PRE-ACCL. DAYS ^ POST-ACCL. 


th 
Fic. 3. Mean daily running speeds sie 
center segment with and without using eaa 
peting R trials, before and after the ac 
tization period. 
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analysis of variance of the reciprocals 
Was performed only on the all R data. 


to 
tro 
Un 


TABLE 2 


ANALYSIS OF VARIANCE OF POSTACCLIMATIZA- 


he results of the analysis of the pre- TION RECIPROCAL TIMES FROM THE 
acclimatization data are shown in EGMENT USING 
Table 1l. As may be seen the analysis ALL TRIAL 
confirms Fig, 1 in suggesting no differ- ——— 
ences between the two groups during Source df | MS P 
this phase. The analysis did not Between total "NN 
Indicate that there was a difference 1n Cito (C) E REA 5.70* 
i Sale Ss 6| 10.2 
ng speed on the three trials — \yithin total 
Vithin each day. It did support the Days (D) 
rising acquisition trends of Fig. 3bya TEETE 5 
Signific; avs effect and it sup- SN 
Snificant Days effect and 1t S I CxD 
ported the indication in Fig. 2 that Cor 
Toa speeds. differed according to Dx 
Ae segment of the runway meas- DX 
Wed. "Phe lack of a significant Groups EXT ap 
i egments interaction supports the CXDXT 
Nterpretation that the differences be- DXEXI 
Ween groups shown in Fig. 2 during CXDXPXT ge} “oa 0 
SsxD/C 144| 42 
SsxDP/C 2 30 
TABLE 1 Ssx T/C 32 37 
Avaty : azie SSXDXP/C 288| .09 
NALYSIS or Vague o PREACCLIMATIZA S XDXT/C 255 us 
TION ReciprocaL TIMES FROM THE SXxPXT/C. 64 07 
CENTER SEGMENT USING SXDXPXT/C E 07 
ALL TRIALS Total ,62 
E pur o 
source a 5| 7— — SÍ 
“tween total 47 se p <001 
.Imate (C 1 .86 13 
Ss/C ) of 
lithi 6.72 " "s 
Within total 1 620 2 ane this phase did not constitute in- 
Soom m ' 9| 8.60 20 res adequate matching. 
"Trials Ce (P) 2 KE 123317 Table 2 summarizes the analysis of 
CXD i 9| 38 66 variance performed on the all R post- 
Xt 2 i “60 acclimatization data. In support of 
Dxp a 6| 810°" the graphical findings, the table shows 
best isl 39 Hie a significant group difference. Other- 
CX xp a) ou 37 wise the main effects were the same as 
C XD 1 5 1.23 during the preacclimatization phase 
PXPXT 36] 8| 1.98 and the interactions were not im- 
CDSE - k- i 127 portantly different. Taking all the 
Soe al d results together, Exp. I appears to 
SXP/C 32| 36 ermit the conclusion that an increase 
SS DAC /C a p: inR strength was associated with cold 
SADETE 288 16 acclimatization and that this was true 
SS He o: -03 regardless of whether trials containing 
Tae” XT/C E : competing Rs were included in the 
Ree | due data or not. 
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EXPERIMENT II 


As animals are deprived of food and 
their food stores depleted, the resting 
metabolic rate will decrease. If it is 
assumed that the metabolic rate has 
an effect on R strength, then the 
Strength of a learned R should de- 
crease accordingly. On the other 
hand, it may be possible to com- 
pensate for the decrease in metabolic 
rate resulting from deprivation by 
acclimatizing animals to different tem- 
peratures. Thus, the possibility exists 
of investigating the joint effect of 
these physiological conditions, tem- 
perature and deprivation, on meta- 
bolic rate and then of determining 
whether the effects of the metabolic 
rate on R strength depend only upon 
the resultant metabolic value or 
whether they are specific to the 
Separate conditions on which the 
metabolic rate depends. This experi- 
ment was a first attempt along this 
line. 


Method 


The experimental design was a 2x4 
factorial of temperatures and deprivations. 
Eighty male Sprague- Dawley rats, 93 days 
old and approximately 350 gm. weight at the 
Start, were randomly assigned to eight groups 
of 10 Ss each made up of living temperatures 
of 45°, 65°, 80°, and 90° F., in combination 
with a food deprivation regime of 6 or 18 hr. 
The Ss lived in groups of 5 under their 
assigned conditions for 15 days prior to 
experience in the apparatus. 

The deprivation regime: 
by keeping Ss on ad-lib. 
6 or 18 hr. before the time scheduled for use 
in the apparatus. Following this time (about 
l min.), Ss were fed individually in a device 
Which partitioned them within the tem- 
perature chamber. They were permitted 90 
min. of individual feeding following which 
they were rejoined as a group and permitted 
ad-lib. feeding until the appropriate time for 
removing the food. Individual food con- 
sumptions and body weights were obtained 
daily throughout the experiment, 

The apparatus was a 33-in. runway all but 
the center 11 in. of which was made up of a 


s were accomplished 
feeding until either 


starting and goal chamber. The runway 
inl was 74° F. Measures of herme 
required to traverse the center i mae E 
were obtained with a P ape pase d 
an electronic timer. On cach wig p aes 
a large, hard food pellet in the goal. Ege 
permitted 45 sec. of cating time in sauer 
box and the amount of the mr ie emt 
was determined. All food SERA ss 
made with a triple-beam epus cues im 
O1gm. Following the 15 day acc o S the 
period, S was given one trial pd d uoc 
runway for 8 successive days. 2d a Í 
living and feeding conditions were nmi 


; a ained by 

Oxygen consumptions pei obtait isis 
E above 

the procedures 1 11 days of the 

measures were taken on the last tay following 

prerunway period and on the e lanes Wi 

the runway period always at ane onia was 
of day at which the runway exper 

given. 


described 


Results 


Analyses of variance were os 
formed on the body weight, food pm 
sumption, reward igi n 
the reciprocal running time for t sed. 
days in which the runway was US m 
These analyses are summarized » 
Table3. To analyse the Os consump 
tions converted to metabolic si 
the 12 days on which these were par 
tained were used. This was necessari 
since no data were available for Se 
period in the runway. The results 
this analysis are shown in Table 4- “a 

Inspection of these two tables em 
that the food consumptions Met 
stable over the runway period. "- 
the other hand, all other mesa 
varied significantly. throughout eie 
period. Plots of these results e ) 
cated that running speed and aa 
weight increased while food ae’ 
tion and metabolic rate decreased: 

Tables 3 and 4 also show riat 
measures were significantly influenc" | 
by temperature and that all 
running speed were significant: tio! 
fluenced by the different depriva’ 
times. Running speed, amount 
reward consumed, and metabolic 1° 


all 


y in 
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t2 
N 


TABLE 3 


ANALYSES OF V. SCE OF y WEIG " 
NA ern Weicut, Foon CONSUMPTION, REWARD 
co— NSUMPTI xp RECIPROCAL RUNNING TIME FOR Exp. IT f 
: Body Weight Food Cons i Reward 
TR la ! Consumption nsumptian. Speed (1/t) 
——— d HR. dius r MS F MS F |us| F 
€lween Ss | [ 
emperature (T 1 QQ7 Q** z 
yenperature Cn 3| 69,887.0 19.9 156.0 7 
T'privation (d) | 1 197297.0 | 56.2** | 5,085.0 Sigur 
Sarr | à] 2,8850| <8 41.0 Dold 
s/T Xd 72| 3,512.0 20.0 p^ rd 
Within Ss i 
Jays (D | 
awe ) ji 3,123.0 | 64.3** 018| 6.7** | .27 
d oe 21 920| L9** ‘O11 pm ‘06 A 
T 1 111.0] 23* wis) 65** |. i59 
x be q xD 21 115.0| 24** oi) 4o 08 133 
MI: Xd |504 48.0 | .003 .06 
ib «.05 meyer 00 De 
^«.01 
Wer 
related to a significant tempera- temperature until 90° F. at which 
was a reversal. The body 


tu t 
his p ePrivation interaction whereas 
and foo not the case for body weight 
P Mab consumption. 
Mire 5 presents the 
Wight gone and depriv: 
Consum P consumption, 
Stroup eric in terms of the mean Per 
erioq i last 5 days of the runway 
; The table shows that within 
Privation group, body weight 
to increase with increasing 


main effects of 
ition on body 
and reward 


TABLE + 
as OF VARIANCE OF THE METABOLIC 
ES (Ce O2/Cm?/Hr) or EXP- I 


Se 


Anaty. 


3 a J dí EE F 
Etween E A E Maid 
[re 
De Perature (T +1 173 "T 
T X iyation ( ^ dj mss [16007 
WES. $ 3 | 3.36 | 009 
pin Ka z2 55 
TED sa | 3| 199 
Wp Me} 2] 
ux How | 20” 
Sx 5 AD a» our s 
iv xd 792 | 3 
M acq. oem | Sá 


there 
weights of the 18-hr. group were uni- 
formly the smaller. The food con- 
sumption data do not follow a similar 
trend although there is some sugges- 
tion of a decreasing consumption with 

rature. Both depri- 


increasing tempe 

vation groups were consistent in show- 
ing inversions in such a trend at the 
same temperatures. 

1 consumption. data indi- 


The rewarc 
cate that very little of the reward was 
ither group although 


consumed by e 
the amount consumed by the 18-hr. 


group was consistently greater. Actu- 
ally, since the mean values shown are 
smaller than the accuracy of the 
measuring instrument which was used, 

t suggest that any im- 


the data do no 
portant quantity of reward was con- 
sumed by any of the 6-hr. groups or by 


the 18-hr. group acclimatized to 80° F. 
In fact, the values shown which are 
less than .01 gm. in all cases were due 
to one S within each group and then 
on only 1 day of the 5. 

Figure 4 presents the effects of 
temperature and deprivation on run- 


t2 
t2 
[s] 
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TABLE 5 


: IW. JONSUMPTION 
Mean Bopy Weicut, Foop CONSUMPTION, AND REWARD CONSI 


FOR THE Last 5 Days or Runway TRAINING IN Ex 


5 S "onsumption 
Deprivation Temperature Body Weight Food Consumption | Rew ard consum >! 
Hr.) (Degrees F.) (Gm.) i (Gm) ui 
45 342 34 ae 
65 363 3. MU 
Í on get 2 000 
90 355 3.7 IEEE 
xm 12 198 
3 11.2 G 
6 9 019 
is 80 10.2 es 
90 7.7 125 


ning speed and metabolic rate. The 
former, as before, is the mean of the 
last 5 days. Since the metabolic rates 
apparently were not affected during 
the runway period, the mean of the 
last 5 days on which these measures 
were obtained was plotted. 
these days preceded the runway 
period and the fifth followed it by 1 
day. 

This figure shows that the meta- 
bolic rates of the 18-hr, groups were 
always lower than their corresponding 
6-hr. groups. In general, the meta. 
bolic rates were inversely related to 
the temperature of acclimatization 
although the 18-hr. group showed a 
reversal at 90° F. For the 6-hr. 
groups, running speed was also in- 
versely related to temperature. 


Four of 


For 


8 


— RUNNING SPEED 
77-- 02 CONSUMPTION 


RUNNING SPEED 100/t SEC. 


Fic. 4. Runnin 
as a function of 
rivation. 


g speed and metabolic rate 


acclimatization and dep- 


the 18-hr. groups the running T 
trend was reversed after ra ed 
that for these groups running Spese 
was first inversely, then positive? 
related to acclimatization. 


Discussion 


" ^ )8 
Comparing the two deprivation gross 
in regard to performance, it may i" a 
that the 6-hr. groups ran faster Jima 
cases except for those animals acc ion 
tized to 90° F. This general result; lep- 
better performance with the lesser c 


Vete 5 asis 0 
rivation, has some theoretical bas the 


" 
late, performance will be impaired at mg 
levels of drive whenever the strong, 
R association is an incorrect pim in 
seems reasonable to assume that er "ie 
learning, Rs other than running p 
goal are dominant in the runway rou 
tion. Accordingly, the 18-hr. f vel 
would be expected to show $ E 
running speeds early in learning the 
though faster speeds later. A pipe 
experiment dealt only with early tatio 
ing, only the first part of this expec som 
can be evaluated. Figure 4 offers $ 
support of the expectation. 
Although the results support 
expected better performance of the [9 
group carly in learning, the lack es 
significant main deprivation effect 


the 
obe 


NT 
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not. Neither does it support an opposite 
preces, This result, lack of a 
loce deprivation effect early in 
ning, is consistent, however, with 
other recent deprivation studies (Barry, 
1958; Besch & Reynolds, 1958; Brown & 
Belloni, 1963). The effect is not without 
op therefore, and lends credence 
EE Luc MERIIBAT Temperature X Dep- 
lvation interaction which was obtained. 
nspection of the figure suggests, at least 
E learning, that the effects ol 
the I Sie acclimatization depend um 
Nar en of food deprivation such 
M s short deprivations, à monotonic, 
with, temperature function ag 
or n the range studied whereas or 
ger deprivations, the function may be 
4 he raped, This result is important to 
the vaig interest of the experiment dics 
Ban, bale rates, crudely, ge 
equal To relationships. Other things 
suppo the data appear to suggest s 
rate sin for an interpretation of metabolic 
actor a primary R-strength determining 
Conte Furthermore, within the ee 
sho t the failure of the 18-hr. Ld 
at eed greater R strength sugges v 
mersus, Carly in learning, the eflec i 
Dor bolic rate may not be dependent 
Spend specific conditions on which it 
S. These possibilities, however, 


Nee 
further study. 


EXPERIMENT HH 


I , . 
nt Setting up the previous experi- 
amo) t had been hoped that the 


might t of food reward consume 
of the be relatable to other measures 
e of so 


many experiment. The failur = 
“ewarg of the groups to accept. i 
ince all pro unexpected speci? = 
Meter. STOUPS showed a systema 

3 n. in running speed over the 
a Period. Presumably, secondary 
tablig cements were involved in es- 
A DA the acquisition curve e.g 
Ms v and handling 


S following 


info," but it is not clear how SHC 
aga; ments might have differed r 
ude systematically enough t 
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produce the systematic relationships 
among the 6-hr. groups none of which 
could be said to have eaten the 
reward. 

A possible bias in the second ex- 
periment might have resulted from 
the fact that the runway temperature 
was always 74? F. Thus, the differ- 
ence between this temperature and 
that to which Ss were acclimatized 
might have been related to a thermal 
preference as a basis for differential 
reinforcement, Experiment HI was 
designed, therefore, to study the effect 
of acclimatization on thermal prefer- 
ences during exposures approaching 
the duration of exposure used in a 
variety of previous experiments as 
well as the last one. In addition, the 
nature of the experiment was such as 
to provide data relevant to the effects 
of age on the kinds of physiological 


measures taken in Exp. Il. 


Method 

‘Thirty Sprague-Dawley rats, 80-85 days 
old, 275-305 gm. body weight, were separated 
into six groups of 5 of approximately equal 
mean and range of body weight. Each group 
was housed in a thermally controlled case 
maintained at 45°, 55°, 80°, 85 ; 90°, or 
95? F., 45% relative humidity. Prior to this 
all animals had been living in 14 Piy 45% rela- 
tive humidity- Ad-lib. feeding and drinking 
were permitted at all times. For the first 
47 days the animals were permitted to 
acclimatize. Daily measurements were made 
during this period of body weight, food con- 
sumption, and Oz consumption. These 
measuremen ated on Days 70, 98, 


1i and E Days 48-138 the animals were 
tested for ambient temperature prp e 
The apparatus was a 6.0 X e in. 
(inside dimensions) rectangular ln in- 
sulated, 1-in. double-walled plywood con- 

tion. A Lin. thick center partition con- 
de a vertically swinging door divided the 
er M two compartments, each 9 in. in 
A a. The door permitted the animal easy 
a from one compartment to the other. 
passae compartment was maintained at a 
p b mean air temperature. The heat 
; cs were shielded electric elements 
sou 


ts were repe 
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located at the far end of each compartment 
(end away from center). Slowly moving air 
was passed from blowers across the elements 
and then baffled prior to entering the com- 
partment. The roof of the box could be 
removed and thus served to insert or remove 
the animal from the apparatus. The roof 
Was constructed of aluminum and on its out- 
side surface held two insulated, wooden con- 
tainers built as superstructures into which 
were placed dry ice as necessary to cool the 
compartments. The heating system worked 
against this cooling to maintain any desired 
internal temperature setting, A thermistor- 
sensing, electronic thermoregulating system 
maintained mean compartment temperature 
within 1° F., at all settings. 

After the animal was placed into one of the 
compartments, a period of 30 sec, 
permitted to elapse before beginning a 6-min, 
measuring period. <A photoelectric relay 
circuit operated by movements of the swing- 
ing door controlled O1-min. timers which 
accumulated the time spent by each animal 
in each compartment. The compartment in 
which more than half of the 6-min. period was 
spent was taken as the preferred onc. Each 
animal made two "judgments" per day ap- 
proximately 5 hr. apart. 

By maintaining the compartment 
peratures differentially, a complete paired- 
comparison procedure was carried out for 
every combination of 68°, 72°, 76°, 80°, 84°, 
88°, 92°, 96°, and 100° F. The order of the 
comparison was random and the same for all 
groups. The entire paired-comparison series 
was replicated four times using the same 
random sequence for the first and third 
replications and the reverse of this sequence 
for the second and fourth. Across replica- 
tions, the temperature of cach pair into which 
the animal was first placed was counter- 
balanced as was the compartment into which 
it was first placed. 


was 


tem- 


Results 


An analysis of variance was per- 
formed on each of the physiological 
measures. All of them, that is, body 
weight, food consumption, and (, 
consumption, varied significantly with 
acclimatization conditions and with 
experimental days (p < .001). The 
interaction between these two vari. 
ables was also significant (p « -001) 


in each case, Since the total experi- 
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mental time of cach animal was pal 
proximately 5 mo., the variable, e 
perimental days, represents the = s 
of age from approximately 3 tos eed 
To evaluate the temperature ee 
erences, a paired-comparison rnm 
constructed for each of p oo 
replications for cach of the acai 
tization groups. The first replicatl! 


5 K re varia- 
exhibited considerably EP d cal 
ar : TS t wa s 
bility than the others. el 


carded, therefore, as being iei 
structional period for the panera 
Analysis of variance of the rema 
scale values indicated that boii m 
parison (p < .001) and gealt as 
tion (p < .05) temperatures as we Kn 
their interaction (p < .001) were 9* 
nificant variables. 
Plots of the Hd 
measures as a function of acclima 
tion temperatures revealed a cons suc- 
able amount of overlap QERW Er t 
cessive acclimatization groups. ~ yer 
Ss lived in groups within the tempo. 
ature chambers, it was possible iza- 
the small differences in acclimati as 
tion temperatures used (as small : 
5° F. Æ 2? F.) were contaminate? 
the point of overlap. Attempts n 
study this with the use of the pep 
range test were helpful only n and 
gesting that the safest compar!’ io 
were most likely to be among the ^ 


ient 
sos depende! 
various depen a 
bs tiza 
ider- 


i zor this 
80°, and 95° F, groups. pa the 
reason the data obtained from e 


remaining intermediate groups in 
not used for further analysis. of 
A summary of the mean change? Piy 
group in food consumption, 
weight, and metabolic rate ove nte 
course of the experiment is pee or 
in Table 6. Food consumption — 
tive to body weight can be see” pe 
have decreased consistently oye gl 
5-mo. period even though body d t 
increased. A plot of the body pes F. 
data in Table 6 reveals that the 9* 4 nd 
group increased its weight linearly 


r the 
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TABLE 6 
Meas Foop Coxsumptios, Bopy WEIGHT, AND METABOLIC RATE FOR DIFFERENT 
a ACCLIMATIZATION TEMPERATURE Groups DURING Exr. III g 
Relative Food Consumption Body Weight Metabolic Rate 
(Gm Food/Gm Body Weight) (Gm.) (Cc Oz/Cm?/Hr) 
4s 80 95 45 80 95 45 80 95 
as | o | os | 300 | 308 | 275 | 8 67 62 
RES 07 .08 340 33 291 it 55 3 
Ei ‘06 07 371 366 362 75 62 52 
.09 06 .06 399 405 333 AS .61 31 
.08 05 04 492 481 421 59 AS 35 
- days. 


Note; —Thie age of the animals on Day 1 was 80-85 
hed the two lower temperature groups 
Dereased in weight in an es sentially 
ie fashion through the first four 
“ints, but that the increase to the 
PA it decreased slightly. k he 
Weigl plot also shows that the body 
80° Nt increases of the 45° F. and 
bp groups were the same and shat 
Per; Were greater than the high-tem- 
te ie group. On the other hand, 
iota consumptions of i Pun 
Sitti temperature groups ee i ie 
lat "vm both were consistently wee 
SUgges the cold group. Thus, t. ata 
ization that the effect of cold acc ima- 
tion į : relative to heat acclimatiza- 
isan increase in both body weight 
relation consumption, but "MS 
C to 80° F. the effects of the 


old ; 
e l are better distinguished by food 


food con- 
lated and 


metat. of these value 
fron, Olic rate decreased f 
the the first to the sec d 
*veled off until the third period 


wa that point declined again g 
Consy point. Unlike either 
Mption or body weight, this 


measure provided a clear differentia- 
tion among all three acclimatization 
groups. Over the entire experiment, 
the metabolic rates of the groups were 
higher the lower the temperature. 
Figure 5 presents the thermal pref- 
erences expressed as the mean of the 
last three replicates. To provide a 
basis for comparing scales, the ob- 
tained scale values were converted to 
their percentage positions on the scale 
(Woodworth & Schlosberg, 
Inspection of the figure shows 
5? F, group preferred higher 
temperatures less than did the 80? F. 
group. The preferences of these two 
groups were quite different from those 


ranges 
1954). 
that the 4 


10041 — 45°F 
d —80*F 

90 TS rae 4 

8i 
uU 
3 
ge 
y 50- 
g 40 
E 30 
© 20 
g1 

72 76 80 ga 88 92 96 100 
COMPARISON TEMPERATURE °F. 

F . Effects of acclimatization tem- 

Fic. 5 for short exposures of 


perature on preference 
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of the 95° F, group. This latter group 
exhibited no meaningful inversion 
over the comparison range, i.e., it 
showed no optimum temperature. 
Instead, the preferences of the 95° F. 
group were greater the lower the tem- 
perature. Presumably, at some low 
temperature the preferences of this 
group would decrease, but within the 
range studied this did not happen. 


Discussion 


The results of the experiment do not 
support the hypothesis that thermal pref- 
erences, within the normal living range, 
are affected by cold acclimatization. 
They do suggest that hcat acclimatiza- 
tion modifies these preferences within 
this range, but the effect is not an in- 
creased preference for warmer tempera- 
tures, but just the opposite, i.e., increased 
preferences for lower temperatures. 
These results, of course, apply only to 
short exposures. 


GENERAL Discussion 
The results of the 
appear clear in showing that the effect of 
cold acclimatization is an increase in R 
strength and that this is true regardless 
of the inclusion of competing R trials in 
the average speeds. Results of this kind, 
using deprivation as the independent 
variable, have been used as support for 
à D concept (Cicala, 1961 ; Spence, 1956). 
$ a contextual inference, temperature 
acclimatization may be also supposed to 
fall into the class of independent vari- 
ables on which D depends. 
The results obtained with the 6-hr. 
deprivation group of E 
the expectation of an i 


first experiment 


tion and the strength of R, Experiment 
III provides no support for ar 
tion of this relationship in 
differential air-temperature pri 
ince, as noted, there is no 
assuming a differential second 
forcement among the variou 
these results may also be con 
terms of variations in D assoc 


n explana- 
terms of 
eferences, 
basis for 
ary rein- 
S groups, 
sidered in 
iated with 
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the conditions of acclimatization. 7 
these results and those of Exp. I eo 
strated that both R strengt e sely 
metabolic rate tend 1o be ce 
related to acclimatization iae 4o 
some further credence may pee de 
the proposal of Teichner and E. ec 
(1962) that the Le ep rio o 
ton plays an important oleas eei 
the physiological mechanism repr terven- 
by Hull's (1943) hypothetical rect, less 
ing construct, D. More direc d eu 
correlationally inferred evidence s$ 
be sought. ‘tional 
"ice eiiis of Exp. ITI have TE; 
interests. First, they do not TIBE cold- 
the temperature preference o Nec 
acclimatized animals is altered. wW is di 
those of heat-acclimatized E ypear 
change. These effects did Ue ations 
related to the metabolic heat prod x the 
When this is considered along A stubs 
finding that operant Rs can even 
lished for cold-exposed rats using Ct 
of heat as a reinforcement (e-go 1 
& Marks, 1958; Weiss & Latics, 35 
it would appear that the prem 
likely to be related to the rate of su sigh 
heat loss. The same consideration mi£ 
be important to the problem © two 
strength as studied in the first heat 
experiments. More specifically, the e ol 
balance (rate of heat production/* che 
heat loss) may be more descriptive 9 ther 
generalized physiological state. PE 
studies should consider the measure 
of additional parameters of body- 
regulation. f Ext" 
A second aspect of the results © fage 
II of interest concerns the cheni S are 
and temperature on measures ge in- 
conventionally used as a basis thirst) 
ferring strength of hunger lor vint 
drive. The results are clear in E ood 
again that both body weight o actors 
consumption depend on these ¢ with 
However, it was also found tha es à 
increasing age, these two measur” rat? 
inversely related, That is, with aS noice 
get heavier and eat less. Thus the © Je 
of either one as a basis for inferring ^. st 
strength in deprivation studies öl 
necessarily involve a confounding ® ‘Qn 
with the conditions of deprivation" 


are 
face 


m 
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the other hand, although the metabolic 
Tate also decreases with age, it depends 
upon food consumption and, using Os 
Consumption, it is calculated from a 


Consideration of body weight. Thus, all 


9f these variables are represented by a 
Single resultant value. In addition, the 
resultant metabolic rate includes the 
effects of temperature which are not 
Fepresented as consistently by the other 
two measures, 
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POSITIVE AND NEGATIVE GRADIENTS OF 
RESPONSE STRENGTH IN A 1 EMI ORAL 
CONFLICT SITUATION ! 
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TICES espond to 
The assumption was tested that strengths of tendenc ics a pA b 
positive and negative aspects of a future ambivalent ex ent ke. des pe 
in the manner that approach and avoidance tendencies chan 


spatial conflict situation. 
sented every 12 sec. except on 16 


was used to show temporal grac 
and negative stimuli (30 Ss), t 


tablished; the negative (avoid, 
positive (approach). 


Brown (1957) described à temporal 
approach-avoidance conflict situation 
as one in which the goal is 
event, with both positive and 
aspects, to which S has competing 
response tendencies, In the context 
of Miller’s (1944, 1959) formulations, 
it would be predicted that the varia- 
tions in the strength of tendencies to 
respond to the generalized rewarding 
and punishing aspects of the future 
event, with nearness in time to that 
event, would resemble the changes in 
approach and avoidance tendencies in 
a spatial conflict situation. 

Several investigators have reported 
that a response repeatedly elicited at 
a regular time interval may 
conditioned to the cues chara 
of that interval, and that the 
of the response when tested a 
shorter time periods incre. 


a future 
negative 


become 
cteristic 
strength 
t various 
ases as the 

!This paper is based on a dissertation 
Submitted in partial fulfillment of the require- 
ments for the PhD degree at th 


nent e University of 
Florida. "The author is affectionately grateful 
to Judson S. Brown for his ei 


Ncouragement 
and critical counsel as dissertation advisor, 
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aperiodic test tri: 
occurred with reduced intensity at 3, 6, 9, or 12 sec. 


On each of 116 trials, human Ss made a 
disjunctive manual response to 1 of 2 stimuli. 


A stimulus was prc- 
Is, when the signal 
This procedure 


lients of response strength to positive 


© positive and neutral stimuli (3C 
and to negative and neutral stimuli 


(30 Ss). 


Gradients were ?es 


igher thz he 
ance) was steeper and higher than t 


" r : presenta- 
customary time of stimulus pre 


ient 0 
tion is approached. The pradio : 
increasing response strength b xd a 
lished in this way is usually ter (1939) 
temporal gradient. Brown inter- 
shocked rats at regular 12-sec. p 
vals and then demonstrated :i un- 
poral gradient of strength O by 
conditioned jumping reao m 
introducing shocks at shorter ho 
longer) time intervals; the strenge. 
the response decre; ed as the 
intervals. became 


shorter. Nowra, 
(1940) used a similar temporal P ne 
digm with human Ss, and establis es 
a reaction-time gradient to hortef 
presented at time intervals poate 
(and longer) than the conditi onse 
12-sec. interval. Again, peo 

strength decreased as a functio Al- 
decreasing test-interval length. 

though Brown’s results ma dient 
thought to show a temporal gra ow 
of avoidance, and Mowrer's as n gra 
ing an approach-like tempora tudy 
dient, there has been only one i Í 
specifically aimed at corroboratio? | | 


am po! 
conflict principles in a peni 
situation. (Rigby, 1954). Si "m 
Somewhat different tempora 
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ditioning procedure, Rigby demon- 
strated temporal gradients of ap- 
Proach and avoidance, but failed to 
Confirm the hypothesis of a steeper 

avoidance gradient. 
, The present experiment was de- 
aed to demonstrate temporal gra- 
au of approach and avoidance of 
ig d steepness. Strictly speak- 
4,8: IM the temporal situation used, 
A aedi and "avoidance" might 
tende ee be referred to si 
ce to respond to pr 
antici. aspects, respectively, o an 
rane event. The gradients si 
Ore alized response tendencies, ther » 
Bhd s henceforth called the positive 

T legative gradients. 

resem! ponte procedure bore a ed 
emplo de to the temporal parac igm 
each oyeg by Mowrer (1940). n 
Make nal, human Ss were requirec to 
‘€ à simple manual response to one 
two stimuli presented singly in 
lag random order at juni] 
ically, Mg 12-sec. intervals. Aperiod- 
trials, 


Dal 


e iam a sequence of 12-sec. | ve 
lcec UR were introduced with re- 
9, or qa DM after intervals of 3; s 
Condition sec. [n one experimenta! 
Were On electric shocks and tones 
Tha Used as the cues to respone: 
Ones were made positive by 


mo 
y loss 


i Qus. reward, and monetar 
Vals, 6d to increase the negative 
"is iur the shock. This conflict 
tim ie was designed to permit the 
tive „o MCous establishment of posi- 
To „Dd negative temporal gradients. 
tive, Second experimental group POS” 
m Ne signals were presented in the 
soni Fandom sequences as in the 
Sti, ye group but with neutral light 
. .Teplacing the shock response 
shed The positive gradient e 
fe Da in this group could then 9° 
Tom yol to the positive gradient 
troup |€ Conflict condition. A third 
as used to establish a negative 
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gradient comparable to the negative 
gradient of the conflict group. ‘Again 
the loss of money gave additional 
negative value to the shock stimuli 
and neutral light signals were used to 
counterbalance the sequence. 


METHOD 


Subjects. —The Ss were 60 male and 30 
female undergraduate psychology students at 
the University of Florida. They were 
assigned randomly to three equal-sized 
groups. The proportions of males and females 
and of right- and left-handed Ss were held 
constant between groups. 

Apparatus and procedure. —The S was 
seated at a standard-height table in a black- 
curtained cubicle illuminated by a shaded 
7.5-w. red lamp. About 5 min. were allowed 
for S to adapt to the reduced level of illumina- 
tion while being familiarized with the response 
panel, instructions, and signals. 

‘The response panel consisted of a black 
plywood board (32 X 24 in.) elevated at the 
back (6 in.) and sloping toward S. Protrud- 
ing from the surface of the board were three 
black buttons connected by short shafts to 
microswitches mounted under the board. 
sponse keys were placed 9 in. apart in 
an inverted triangle, with the key 
at the apex 8 in. from the front edge of the 
board. Centered behind each key was a 
white “business” card providing a label. For 
all groups the front key was labeled “rest.” 
The two back response keys were labeled 
^p" (tone), " (shock), and “0 (light), in 
the combination appropriate to S's experi- 


e " i 
ie Bin collection period consisted of 116 
On each trial one of two signals was 

x sented, tone or shock fcr the conflict group 
|^ one or light for the positive 
, and shock or light for the 
oup N). When the signal 
S was required to respond as quickly 
le by lifting the finger tips of his 
hand from the rest key and pressing 
esponse key paired with that signal. 
, pa rings Were counterbalanced 
, and handedness, for control 
r any one S, response to a 
al was always to the same key. 


propriate response key ter- 


These re: 
the form of 


group. 
negative 
came on, 
as possib! 
preferred 


the r 
Key 
between Ss 
purposes. , 
particular sign 
Pressing the ap 
an i Fon given $1.00 initially and 

es that each shock signal indicated the 
eni up to 1 nickel and each tone signal 
loss 
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meant the gain of up to 1 nickel. "They were 
instructed that the faster the response to the 
negative signal, the smaller the amount they 
would lose and the faster the response to the 
positive signal, the greater the amount they 
would win. The Ss in Group P were given no 
money to start with, but were assured that 
with each tone signal they could win up to 1 
nickel depending on their speed. The light 
signal did not indicate the gain or loss of any- 
thing. Group N Ss started with $1.00 and 
were told that they would lose up to 1 nickel 
for each shock but that the faster the response 
the smaller the loss. The light signal was 
indicated as neutral as in Group P. To 
maximize cooperation, Ss were shown money 
receipts signed by previous Ss. : 

For Groups C and P, the termination of 
the tone was followed immediately by the 
sound of money dropping into a coin box. 
This sound was produced when a solenoid, 
momentarily activated by S's turning off the 
tone, jerked a small tin can 
coins. The can was suspended from the 
solenoid which was located next to the 
experimental cubicle, 

Signals to respond were presented every 
12 sec. (i.e, 12 sec. after the onset of the 
signal of the preceding trial), except on Trials 
11, 16, 24, 31, 39, 48, 54, 60, 67, 73, 81, 90, 
95, 102, 110, and 116. On these test trials, the 
signal came on after intervals of 3, 6, 9, or 12 
sec. Test Trials 11, 48, 67, and 95 occurred 
3 sec. after the beginning of the previous trial; 
Trials 31, 54, 73, and 116 after 6 sec.; Trials 
16, 24, 81, and 110 after 9 sec.; and Trials 39, 
60, 90, and 102 after 12 sec. The intensity 
of the test-trial signals was reduced to 
minimize the dynamogenic contribution of 
the stimulus to the response speed and to 
maximize the effect of generalized stimulus 

and temporal cues. 


containing some 


Each of the two signals was presented 
twice at cach of the four test intervals, total- 
ing 16 test trials, The data reported were 
collected on these trials. Within the first and 
second eight test trials, each signal occurred 
at each interval. This dichotomy, although 
arbitrary, permitted statistical comparison of 
the first half of the data with the second half, 
but there was actually no break in the con- 
tinuity of the procedure. ‘The trial immedi- 
ately following a test trial occurred at the 
standard 12-sec. interval after the onset of the 
test trial, Immediately prior to any test 
trial, the frequencies of the Previous occur- 
rences of the two signals were equal or 
differed only by one, 

Ten training trials preceded the first test 
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trial, and thereafter an average of boys 
trials preceded each test. trial. 3 a mis 
quential orders of presentation of signa Ri 
used. Half of each group received t Su the 
in a random sequence developed MEM 
restrictions made necessary by ure] 
control and balancing procedures AAN 
above. The other half received UR on the 
in the converse order; for ERE d shocks 
first 10 trials, half of Group C E and the 
and tones in the order STSSTTSSTI, 4 
other half received T I iza 1 through 
The shock signals were deliverec ‘mee 
1-in. silver electrodes to the balls of t T eN 
and middle fingers of S's nonpreferrec nel 
The shock voltage was produced by Eien a 
117-v., 60-cycle alternating current t à The 
variac and two isolation franstemoree. on 
shock intensities employed were = trials. 
the training trials and 25 v. on the aa the 
These voltages were measured ae leet 
electrodes with a vacuum-tube vo 
without S in the circuit. . tones 
The tone signals were | 1,000-cps uency 
generated by a General Radio lr capo 
oscillator, Type No. 1304-A. The | This 
control was set to produce a 1-v. SED Radio 
signal was passed through a Ganera arae 
decade attenuator which delivered it, h MX- 
of Trimm, ANB H-1, headphones iy been 
41/AR cushions. The headphones ha ( each 
calibrated previously to determine tha when 
phone delivered approximately 100 db. Js re: 
1 v. was measured across it (all decibe! dor 
.0002 dynes/cm?). The two tone intens! na 
used were obtained by attenuating the S'S 


ak 
to 76 db. (strong tone) and 66 db. (wel 
tone). 


“Ve 
The light-signal source was a 50-W+s at 
frosted incandescent bulb located above * on 
behind S. The weakened signal unt a 
test trials was obtained by introduc the 
hidden 50-w., 117-v. lamp in series W! nsitY" 
signal light, thus reducing its Low non 
These signals provided an overal “of the 
localized change in the illumination 
experimental cubicle. . wer 
Time intervals between signals ers 
controlled by two Hunter electronic S was 
The signal would not occur unless om the 
holding down the rest button, Time fr! a" 
onset of the signal to release of the gue of 
(i.e., reaction time), and time from re riate 
the rest key to the pressing of the approp! were 
response key (ie. movement time or din’ 
recorded on Hunter klockkounters. sees ne 
of data and equipment operation Wet d by 
silently, and incidental noise was mas 
the hum of an electric fan in S’s room. 


At the conclusion of the experimental 
Prou S was paid in accordance with a 
cu estimate of his performance and 
other ned not to discuss the experiment with 

students, 


RESULTS 
The unit of response used in the 
Statistical analyses was speed of re- 
En that is, the reciprocal of re- 
ton and movement time in seconds. 
[rd sores were used on the assump- 
react; hat they are linearly related to 
ion potential (Spence, 1956, p. 
tion - In addition, this Piin 
CXCEs ended to reduce the influence o 
Ssively long response times. 
En within- and between-groups 
on ^m of variance were perform 
poe data. The moseiient ime 
lie ures (i.c. time from release o 
Bono key to the pressing of the 
Ob priate response key) were found 
-° be unreliable and not related to the 


| a 
ir 
aic Pendent variables in any syen. 
aien Apparently the effects vi 
es roland stimulus and tempos 
the a manifested before S release 
St key and the movement-time 
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scores were mainly a function of ran- 
dom error and key distance, which 
was held constant. Therefore, only 
the analyses of the reaction-time 
measures (i.e., time from signal onset 
to release of the rest key) are con- 
sidered in the remainder of the 


presentation. 


Within-Groups Comparisons 


Group C.—The strength of the 
tendency to respond to the positive 
and negative stimuli at each of the 
test intervals is shown in the left 
panel of Fig. 1. Speed of response to 
both kinds of stimuli increased with 
nearness in time to the 12-sec. in- 
terval; i.e., gradients are evident. It 
is also evident that the negative gra- 
dient was higher and, in confirmation 
of the theoretical prediction, steeper 
than the positive gradient. The anal- 
jance of the within-groups 
ummarized in Table 
1 (see the Group C summary). As is 
indicated in Fig. 1, temporal gradients 
established (I effect), and the 
t was higher than the 


yses of vari 
comparisons are s 


were l 
shock gradien 


GROUP N 


9 12 
L IN SECONDS 


(The strai 
e mean 


ight lines were fit to the 


rength. of speed of response scores 
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TABLE J 


Wirntx-Groups ANALYSES OF VARIANCI 


Group C 
Source df = 
MS F 
Subjects (Ss) 29 : T 
Stimulus (S) 1 54.851 39.94 
Interval (1) 3 5.093 262g [ves 
Half (H) 1 2.190 21.7999» 
SXI 3 u 1” 
SXH 1 « 
IXH 3 1.44 
SXIXH 3 4.47** 
SsXS 29 1.373 
SsXI 87 .192 
SsXH 29 -100 
SsXSxI 87 “177 | 
SsXSXH 29 -164 | 
SsSXUXH 87 .165 
SSXSXUXH 87 165 
Pooled error 435 249 
= - 
MESS 


my c 001. 


tone gradient (S effect). 
cant H effect was due to an increase 
in speed of response from the first 
half of the test trials to the second 
half. It is probable that this effect 
in this and the other analyses merely 
reflects learning during the testing 
situation. 

The Group C analysis further 
showed that the S x | interaction, the 
interaction implying slope differences, 
was significant. Separate analyses of 
the trends of the negative and positive 
means revealed significant linear com- 
ponents for each at the 001 level. It 
may be asserted then, that the linear 
components of each of the gradients 
contributed significantly to the ob- 
tained interaction and that, therefore, 
the gradients differed in steepness, 
From inspection of Fig. 1, it tay be 
seen that this difference 
the direction pre 
theory, 


The signifi- 


1 "- Group N 
Group. wa 
Ns — "E 
MS 1 HS mm eee 
| 
| zę 
52.821 119.69*** 220458 
1.789 13.08*** 2.043 
1.028 8.40** 1.038 
4 8 D 
140 dud Eo 
060 1 o 
209 1.64 ae 
262 2.57 504 
9 i | 2.087 
| 2:03 
I" | .166 
422 | 2M 
119 s 
"x 172 
15 Pt 191 
102 150 
-140 .287 E 
If, 
i » second ha 
from the first half to the seco 


differences 


was significant. The slope the 


seen in Fig. 1 were present only differ- 
first half of the test trials. The c vere 
ences between halves, however, - nce 
not sufficient to eliminate significa 
of the overall S x | interaction. 
Group P.—The center pane ide 
Fig. 1 shows mean speed of m for 
to the positive and neutral stimu The 
cach of the four test intervals. lysis 
summary of the Group P pix t 
Table 1, shows the positive M 
was higher (S effect), but s gra 
than the neutral gradient. I : anc 
dient (1) effect was p qum n 
separate tests of the linear 1 signifi 
ents of the gradients reveale 
cance (.01 level). "n relatif 
Group N.—The functions i ; 
response speed to test-interva 
for the negative and neutral, Fig- 
are shown in the right panel © ect 
Gradients were established (J m 
and the negative gradient pes: inte 
(S effect) and steeper (S X 
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me than the neutral gradient (sce 
summary of the Group N analysis, 
=e 1). Separate tests of the linear 
9mponents of the gradients reached 
a ifioarice (.001 level for the nega- 
n gradient and .05 level for the 
Cutral gradient). The significant 
ci X E X H interaction was due prin- 
pally to changes in nonlinear com- 
meen of the gradients for each half 
Sugg therefore, no interpretation was 
ested by the data. 


Ber ; 
Veen-Groups Comparisons 


à inspection. of 
Lanes shown in Fig. 1 suggests 
in e 1€ negative gradient established 
inei, C was probably not different 
y the negative gradient 1n Group 
Comb; le analyses of variance drin 
Siri e shock measures showed no 
Meant differences due to height 
TOup treatment) or to slope (Group 
interaction). As one 
expect from the separate 
if there was à 
‘ooueant negative gradient effect 
and 1 level for the Interval treatment) 
h va Significant learning effect across 
X Haro level). The eee 
iter d Group X Interval x Halt 
anq “p, OPS reached significance (.05 
Scen à level, respectively) and ee 
online largely due to changes in the 
Br; ed components of the separate 
roups for cach half. 
ins sE and P (positive 
shoy Pection of the positive 
Sraqi, nt Fig. 1 suggests t 
slo e E did not differ in 
not ai l'he analysis of va 
(Gro Ww height (Group) or stee 


gradients). 
gradients 
hat these 
height oF 
riance did 
pness 


ma 4 X Interval) differences; E 
Posi; Srefore be assumed that a 


t e 5 - aim 
Veen G Sradient did not vary 
Hair ous C and P. The Interv? 
interaction. reached signifi- 


EN 
level) but this was again 
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due mainly to changes in nonlinear 
components across halves. 

Groups P and N (neutral gradients).— 
Examination of the neutral gradients 
shown in Fig. 1 shows that, although 
neutral gradients were established 
(.001 level for the Interval treatment), 
neither height nor steepness differ- 
ences are evident. None of the inter- 
action effects reached significance. 

Group C (positive gradient) and 
Group N (neutral gradient).—The 
measures comprising the positive gra- 
dient from Group C and the neutral 
gradient from Group N were com- 
pared in this analysis. As might be 
expected from visual inspection of 
these gradients in Fig. 1, the analysis 
revealed that the tone gradient (right 
panel) was higher (Group effect, .001 
level) and steeper (Group X Interval 
effect, .01 level) than the light gra- 
dient (left panel). Again, significant 
interval and half-treatment effects 
reflected gradient and learning effects, 
respectively. . 

This between-groups analysis was 
d in light of the nonsignifi- 
cant S X I interaction in the within 
Group P comparisons. The reader 
should note that although there was 
no cvidence of slope difference be- 
tween the gradients from Group P, 
the tone and light gradients in Groups 
C and did differ in steepness. 
There is some basis, then, for assum- 
ing that the monetary reinforcement 
following the response to the tone 
signals had an incremental effect on 
the slope and height of the positive 
gradient, an effect which was absent 
from the gradient of response speed to 
the unrewarded light stimuli. 


performe 


DISCUSSION 


st noteworthy feature of the 
the establishment of positive 
) and negative (avoidance) 
hich differ in steepness n the 


The mo: 
results 15 


(approach 
gradients W 
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direction predicted from conflict theory. 
In the context of the type of theory 
generated by Miller's work, the gradients 
of increasing response tendency may be 
attributed to a temporal gradient of 
generalized habit strength established 
through the operation of the principle of 
stimulus generalization. The habit- 
strength gradients for both the positive 
and negative stimuli may be identical, if 
the internal and external cues character- 
istic of the 12-sec. interval are identical. 
If the underlying gradient of habit 
strength is multiplied by a large drive 
-value in the case of the shock stimulus 
and a smaller drive value produced by 
the tone, the overt negative gradient 
would be higher and Steeper than the 
positive gradient. This supposition con- 
cerning drive would seem justified on the 
basis that the drive value of the shock 
may result from pain, fear of pain, and 
fear of loss of money while the tone drive 
value results primarily from the wish for 
money. Whether the respective drive 
values are seen as constant at all tem- 
poral intervals or as gradient functions 
it is unlikely that the positive drive 
factors would outweigh the negative 
factors in this situation. 

It is doubtful that the positive- and 
negative-gradient differences are attribu- 
table merely to differences in the sensory 
modalities of the stimuli. Tone and 
shock signals were used because with 
respect to reaction-time data they prob- 
ably do not differ (Woodworth & 
Schlosberg, 1955, P. 26). In addition, the 
test stimuli were presented with reduced 
intensity to attenuate the influence of 
dynamogenic factors, and a crude at- 

_tempt to equate these properties was 
made by E in selecting the test intensi- 
ties used. There is evidence, 
that simple reaction times to light are 
Slower than to tone or shock. For this 
reason conclusions based on the gradients 
generated by the signals used for counter- 

alancing purposes (lights) must be 
viewed as tenuous. 

To account for 
result which mi 
poral 

, include 


however, 


gradients that cross, a 
ght be obtained in tem. 
Conflict situations, one might 
the supposition of crossing habit- 


JOHN LEE WIPF 


strength gradients or of em m 
gradients of drive. It is also pos: ON 
this epi. imc ges iy but 
radii s which would r N 
cer ede If this were ps em 
the conflict condition might "ig “adients 
disruptive to S than if Bhon 
crossed in the usual way. ! “incident 
specific evidence of crossing or laboration 
temporal gradients, aes Paine y pre- 
of these speculations would s 

Ature: appropriate 
" For the present, a more approp i 6 
concern is whether one an so in the 
greater negative gradient m of the 
absence of empirical intersectt i 
gradients. 
ie obtained gradients weder 
slope differences cannot be Mbit 
any distorted relationship e ing gr^" 
overt response and the unc er 7 Miller, 
dient of excitatory potential A 4952, 
1959, p. 222; Miller & pera jut it 
p. 229). This is perfectly yd 
might lead one to assume C! ion there 
that without empirical intersect er 
is no way of predicting whether ap 
slope differences are artifact! 


ch 


ron tS 
A radic! 
reflect excitatory-potential £ 1 
which do differ in steepness- ponse 
For example, if strength of rest tials 
p n 


a linear function of excitatory Ls 
which assumption seems reasonab 

speed measures are used, the €? 
slope differences must Paw Am gr? 

difference between the underly is ? 
dients. If overt response streng exci 
positively accelerated function p occu 
tory potential then distortions er one 
but this relationship is doubt D ase 
sidering physiological limits to aigh b 
strength. The relationship Hed a 
negatively accelerated, i.e., the ES 6 d 
in strength of response per mE 1 

crease in excitatory potentia "T S. 
become smaller as the potential a pig he 
in strength. In this instance if = í 
of the two empirical gradients m laf E 
to be steeper this must result mon tho 
increments in excitatory poter er, ee 
those which underlie the pare nee 
elevated gradient. Therefore, 1! “|, an 
tively accelerated function may sp n? 

sumed and if the more elevated re 


when 


"ui 
; slop? 
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Strength gradient is found to be steeper, 


ps ahg greater slope must follow from 
and eper gradient of excitatory potential 
not from a distorted relationship 
eae the physical units of speed and 
^ Psychological units of excitatory 
eed If a negatively accelerated 
line. lonship holds or if the function Is 
‘ited it may be concluded that the ob- 
the ed negative gradient is steeper than 
o Positive gradient even in the absence 
empirical intersection. 
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š es ng 
This experiment attempted to assess the relationships betw sen EE 
to sort cards on the basis of a relevant dimension after a ie ot 
shift, the amount of simultaneous partial reinforcement o As pes 
dimension, and the prior relevance or irrelevance of that pan AR 160 
inforced dimension. A2 X 2 X 4 factorial design analysis a al 
human Ss indicated that learning was related to the amount of pa = 
reinforcement as measured by the number of various types of (€ 
to criterion (p < .001 for some of these) and was unrelated to 


prior relevance of the 


restrictions upon the interpret 
reinforcement 


The purpose of this experiment was 
to assess the relationship between 
prior relevance or irrelevance of the 
color or form dimension and number 
sorting in the Wisconsin Card Sorting 
Test (Grant & Berg, 1948) when color 
or form was intermittently reinforced 
0, 25, 50, or 75% of the time during 
number sorting. 

In a study by Buss (1953), inter- 
mittent reinforcement of a previously 
relevant dimension was inadvertently 
involved as a confounded variable in 
the comparison of reversal shifts 
(where the relevant dimension stays 
the same but the positive and negative 
stimuli are reversed) vs. nonreversal 
shifts (where a formerly irrelevant 
dimension becomes relevant). Buss 

1 This investigation was carried out while 
F. Abraham held a United States Public 
Health Service Predoctoral Research Fellow- 
ship, and with the aid of a National Science 
Foundation grant to I. Gormezano. A brief 
Teport was presented at the APA meetings 
in Chicago, 1960, 

„° Now a fellow of the USPHS Inter- 
disciplinary Research "Training Program, 
Brain Research Institute, University of 
California at I 


Los Angeles Center for the 
Health Sciences, 


partially reinforced dimension. 
isa replication of earlier reports, while tl 


The former 
: + ; dictates 
he latter parsimoniously dicta 


: , ; een partial 
ation of the relationships between par 
and other variables in discrim 


ination studies. 


: f 
inferiority 9 
attributed the observed inferi 


v pays 
nonreversal learning, in part, E y 
mittent reinforcement of a al to 
relevant. dimension which pce 
Support a perseverative — «ati 
tendency. Subsequent Hyves han 
(Buss, 1956; Harrow & Fric have 
1958; Kendler & D'Amato, 1955) 1007 
substantiated this inferiority ot Ser 
reversal learning, even when d 
mittent reinforcement of à prece 
relevant dimension was clin ow- 
(Harrow & Friedman, 1958). tudic 
ever, none have systematically $ mt of 
the relationships between amot prio" 
intermittent reinforcement anc jnter” 
relevance or irrelevance of the 
mittently reinforced dimension: 40; 
While a few studies (Buss, E 
Gormezano & Abraham, 19612) v ith 
shown an increase in difficulty 
increasing amounts of bate av nt 
reinforcement of a previously re nift? 
dimension following nonrevers# $ 
it has not been demonstrate ond* 
prior relevance is a necessary "T 
tion for this increase in ied and 
transfer. Studies by Gormezan ome” 
his associates (Abraham & 
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zano, 1960; Gormezano & Abraham, 
1961b; Gormezano & Grant, 1958) 
Suggest, in fact, that an increase in 
difficult y with increasing amounts of 
Intermittent reinforcement of another 
dimension, along with the relevant 
dimension, occurs regardless of the 
Prior reinforcement. history of that 
Partially reinforced dimension. The 
Present investigation, then, attempts 
to assess the relationship of both vari- 
ables, the amount of intermittent 
reinforcement and the prior reinforce- 
Ment history, to learning following à 
NOnreversal shift. 


METHOD 


aa bbaratus and general procedure.—1 he 
to ie nU and general procedure are sii 
* Hi modifications of the GST (Grant E 

Tn 1948) developed in the studies o 
and (rano and Grant (1958) and Gormezano 
Abraham (1961a, 1961b). Cards were 


Use a n rer 
«Sed which contained one to four identical 
or circles) ol 


Wares (tri 

ü ds (triangles, stars, crosses 

In ingle color (red, green, yellow, oF blue). 

pl NE test situation, a gray sorting tray W 
Four stimulus 


ace 
ed on a table before $ 


Cards 1 
stare CONS ting of one red triangle, two green 


‘es, and four blue 
rht to left in the 
ble compart- 


E] 


Circles three yellow cross 
Upper Nene placec from g 
Ments halves of the four dou pipa 
Were e Several decks of 96 response can 
Tom Composed from certain cards selecte 

the 64 possible combinations of the four 


Val i four 
numi on each of the three dimensions 
hi + figure, color). The cards used for 

and ambiguous 


and Function were of two types, 
Selec ambiguous. Unambiguous ach o 
thre €d such that they would match ea ete 

€ of the four stimulus cards 0" one value 
e.g., two rec 
Jected such 
the 


cards were 


Cach 4 
Cross | Of the three dimensions 
Ambiguous cards were 5e 


that 3 
bas; ch lus card o" 


Sis matched a stimu on 
Ling the number of figures (releyant 
9n the on) while simultaneously ma hing 
(Partia asis of one of the other dimensions 
ba eh dimension). Such 2 card want 
basis à one of the other stimulus cards ont ie 
dimera the remaining dimension irrelevan 
à he remaining two 


Stir RD and not match t 
One fan cards on any of the 4 
Wer, d star). Six decks (ambiguo LE 
ambi Composed of both ambiguous nd 1 
Buous cards such that tWO 


dimensio 
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tained 24 (25%) ambiguous cards, two con- 
tained 48 (50%), and two contained 72 
(7595) ; one deck at each percentage cantaned 
ambiguous cards that matched on the basis of 
color simultaneously with number; the other 
deck on the basis of form simultaneously with 
number. Another deck (unambiguous deck) 
replicated several times because of its greater 
use, was composed of only unambiguous cards 
(0% ambiguity). 

The Æ and S sat in a small room facing 
each other across a small table upon which 
the sorting board was placed, The three 
decks selected. for use were placed in a 
partitioned box fastened to one of the legs of 
the table, facing E and out of view of .S. 
The S was instructed as follows: 


l am going to present you with a series of 
cards similar to the ones you see before you. 
Every time I give you a card, l want you to 
place it in the compartment underneath 
ihe card to which you think it belongs. 
Each time you place a card 1 will tell you 
whether you are right or wrong. After a 
while | will stop saying right or wrong, but 
are to continue placing the cards. 


you 
‘The response cards were then presented to S; 
one at a time in a standardized manner and 
Initially, cards from the 0% un- 
ambiguous deck were used and sorts that 
matched on the basis of one dimension, color 
were reinforced (Stage D. After 10 


order. 


or form, \ 
consecutive correct sorts, E then shifted to 
another deck, either ambiguous or un- 

einforced only S's number 


:euous, and r 

X ce ID. After 10 consecu tive correct 
number sorts, 10 unambiguous cards were 
sorted without further reinforcement (Stage 
11D, and the experimental session. then 
terminated. if S did not reach the criterion 
in either Stage I or II, his data were omitted 

e analysis. 
feat nas at experimental design.—The Ss 
were 173 men and women from Indiana 
University elementary psychology courses: 
10 in each of 16 groups and 13 failures. Of 
the 13 failures, 1 failed to meet criterion in 
Stage l; the other 12 failed to meet criterion 
- Stage The Stage H failures were 
unrelated to any of the experimental vari- 
ables, as tested by separate chi-square good- 
ness-of-fit tests for each of the variables. 


alf of the groups were reinforced for 
apa age I, the other half for form 


' or “prior relevant dimen- 
ps received 100% reinforce- 
“relevant dimen- 
choice of the 


color sorts in St 
(the “previously 
All grou 
aber sorts (the 
Il, and by 


sions"). 
ment for num 
sion") in Stage 
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appropriate deck, 095 (with an unambiguous 
deck), 25%, 50%, or 75% reinforcement of 
another dimension, color or form (the 
"partial dimension") on these sorts (with 
ambiguous decks), and 0% reinforcement of 
the remaining, third dimension (the “irrele- 
vant dimension"), For eight of these groups, 
the partial dimension was the same as the 
previously relevant dimension, one group at 
each percentage level for form as the partial 
dimension and one at each percentage level 
for color; for the other eight groups, the 
Partial dimension was the dimension other 
than the previously relevant dimension, one 
at each percentage level for each partial 
dimension, form and color. Thus the design 
was a 2 X 2 X 4 factorial with two relevant 
dimensions, form and color, in Stage I; with 
two conditions of similarity between the 
Stage I dimension and the Stage II partial 
dimension (ie., color relevant in Stage I, 
number relevant with color partial in Stage 
II, or similarly form to number with form) or 
different (i.c., color to number with form, or 
form to number with color); and with four 
amounts of partial reinforcement of the Stage 
II partial dimension, 0, 25, 50, or 75%. 


RESULTS AND Discussion 


Stage I.—In Stage I, the total 
number of trials to reach criterion for 
cach S was transformed by taking the 
square root of the score plus onc half. 
The mean of the transformed scores 
for all Ss was 1.646. Most of these 
responses were incorrect; the mean of 
the transformed error scores being 
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1.570 and the mean of the transformed 
correct scores being .850. Phe vari- 
ability in the total trials to ce 
was unrelated to the variables defined 


by Stage ll procedures, but was 
related to the Stage I i aper 
F(1,144) = 25.70, p «.001, with 


color being the harder dimension to A 
learned, the mean being 2.135 Fa d 
pared to 1.156 for the form ` lier 
finding which replicated an RE 
report by Grant and Curran ue 10 
Stage II.—As in Stage I, E E 
criterion trials were excluded Bum oot 
response measures. The ME 
transformation was performed on tal 
following measures for cach BE ie 
number of trials, number of ens 
responses, number of correct." d 
sponses, number of perseverative 21 
rors, number of nonperseverative ®t 
rors, number of ambiguously tate 
responses, and number of unambigh 
ously correct responses. Analara 
variance were computed for the en 
trials, total errors, and total corre : 
(Table 1). Total errors do not A 
crease with increasing partial rev 
forcement (Fig. 1B), so that pe 
increase in total trials (Fig. 1A) mus 
be due to the increase in md 
responses (Fig. 1C). Errors could 


mep c 001. 


; or 
perseverative errors (responses 
TABLE 1 ; 
D I 
ANALYSES OF VARIANCE FOR VARIOUS Scores MADE wrtn ALL Response Carps iN STAGE 
n 
Source df 
Total Trials Total Errors Total Correct 
Color or form (Stage I) (C-F) 1 2.95 3.32 3.70 
Same or different (S-D) 1 52 1.79 08... 
% reinforcement 3 3.49* 1.59 16.55 
, C-F X S-D 1 .09 .01 .25 
-F X % 3 2.63 4.13** 1.96 
S-D X 95 3 35 .69 42 
C-F X $-D x 97, E -90 1.11 1.14 
Within-groups ALS 144 (3.47) (1.36) (1.59) 
*p «.05. 
** <.01, 
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Which the response card did not match 
the stimulus card on the basis of the 
dimension relevant in Stage II but did 


5 


A Total trials 


B. Total errors 


Average of ‘Wscores 3 
w 


25 


C. Totol correct 


75 


25 50 
Per Cent Partial Reinforcement 

all response 
ies) for 8 
f partial 
relevant 
he Stage 

Į relevant 


1 Sta s for 
s age II scores 
frou «(exclusive of criterion ser! 
Sint, 4$ a function of amount ? 
i with the Stage 
. 510j "oct 
Martia n and the similarity of th 


Meng Mension to the Stage 
n as the parameters. 


match on the basis of the dimension 
relevant in Stage I), nonperseverative 
errors (responses for which the re- 
sponse card did not match the stimu- 
lus card on the basis of either the 
relevant dimension in Stage I or the 
relevant dimension in Stage II but did 
match on the basis of the remaining 
dimension), and unique response er- 
rors (responses for which the response 
card did not match the stimulus card 
on the basis of any of the principal 
dimensions of color, number, or form). 
As with total errors, both persever- 
ative and nonperseverative errors 
vary independently of any of the in- 
dependent variables (Fig. 2A and 2B). 
Unique responses were too few and 
too randomly distributed in all three 
stages to warrant further analysis. 
Correct sorts can be differentiated on 
the basis of whether they were made 
with ambiguous or unambiguous re- 
sponse cards. Most of the correct 
responses were made with the ambigu- 
ous cards, there being extremely few 
correct responses made with unam- 
biguous cards (Fig. 2C and 2D). 

s clearly indicate that 
Ss responded correctly with ambiguous 
cards (which match a stimulus card on 
two dimensions rather than just one), 
independently of whether the partial 
dimension was the same a$ the previously 
relevant dimension or not. There are 
more perseverative than nonpersever- 
ative errors, but these measures i are 
unrelated to the amount of partial rein- 
forcement or the Stage I relevance of the 
Stage II partial dimension. ‘The ens 
zano and Grant (1958) experiment, w E 
the partial dimension is the iem as the 
prior irrelevant dimension, $ 2. € 
tially the same results, except 7 hat 
perseverative and nonperseverative nd 
rors were equal. The fne (IBN 
Abraham (19612) and me n $ 
studies indicated an increase m ae fe 
of learning following a get vist Een 
with increasing amounts : omi di. 
forcement of à previously rele 


These measure 


25 50 75 


3 C. Ambiguous Correct ^ 


Average of af Score 5 
o 
o 


25 50 75 
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B. Nonpersoverative] Errors 


D. Unambiguous Correct 


5 
0 25 50 á 


Per Cent Partial Reinforcement 


Fic. 2. Stage II scores for all re: 


mension. While their results are not 
presented in sufficient detail, they are 
probably attributable Principally to the 


tendency to respond correctly on cards 
that are simultaneously correct in Stage 
II on the basis of two dimensions at once 
—the present and the previously relevant 
dimensions. Because of this tendency 
to respond correctly with ambiguous 
cards, the relationship of amount of 


sponse cards, 


partial reinforcement and prior dc pit 
ment history to Stage II learning is n 
assessed with analysis of responses mace 
with unambiguous cards. 

Therefore, further analyses were 
based on responses made only with Hai 
unambiguous response cards. 7 he 
percentage of these cards sorted pet 
severatively incorrectly, nonpersever 


TABLE 2 


ANALYSES Or 


VARIANCE FOR VARIOUS Scores M 
RESPONSE CARDS IN Stace II 


ADE WITH UNAMBIGUOUS 


" 
Source df 

Perseverative Errors | Nonperseverative Errors | Correct 
Color or form (Stage 1) (C-F) 1 ek dick .08 
Same or different (S-D) 1 P E oe A3 
% reinforcement 3 “59 : 19 2.00 
C-F X S-D 1 2.00 vE 3.03 -13 
CF X % 3 70 i ‘1.11 5 
SD X % 3 9.55% " 14.57% P 
CF X $-D x % 3 24 Bi 16 on 
Within-groups Ars 144 (381.98) ? 276.84) (2153 

VIL d 3 
995 « 001, 
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atively incorrectly, and correctly by 
each S was transformed to degrees by 
Means of an arc-sine transformation. 
Analyses of variance were computed 
Or each of these three measures 
(Table 2). Perseverative errors (a) 
Vere greater for the groups having the 
easier Stage | dimension, form, (b) 
Were greater for the groups with the 
ual dimension the same as the 
"he Į dimension, (c) increased with 
easing percentage of partial rein- 
Orcement for those groups with the 
Partial dimension the same as the 
nc dimension, and (d) decreased 
rej increasing percentage of partial 
inforcement for the groups with the 
c; dimension different from the 
3A) ant dimension in Stage I (lig. 
Were , Nonperseverative errors | e 
"ihe een for the groups having t ie 
difficult Stage I dimension, color, 

the Were greater for the groups with 
partial dimension different from 
with Lage I dimension, (c) peii 
reinfore, reasing percentage of E Sa 
Partial ement for the groups w ith the 
ta ‘ dimension different from the 
8e I dimension, and (d) decreased 
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25 50 ?5 

r Per Cent Partial Reinforcement 
Ig, 


ibiguous 


Stage II scores with unan 
cards only. 


with increasing percentage of partial 
reinforcement for the groups with the 
partial dimension the same as the 
relevant dimension in Stage I (Fig. 
3B). Perseverative errors (¢ = 63.73) 
were greater than nonperseverative 
errors (ó — 20.44). Extremely few 
correct responses were made with 
these unambiguous cards (9 = 6.79). 


It appears, then, that increased per- 
centage of reinforcement of the partial 
dimension does not increase the proba- 
bility of an error, but does increase the 
probability that an error, when made, 
will be made on the basis of the partial 
dimension, independently of whether 
or not the partial dimension, was the 
same as the previously relevant dimen- 
sion (note in Table 2 the significant 
Same-Different X Partial Reinforcement 
sources of variance for the perseverative 
and nonperseverative errors). The prob- 
ability that an error with an unambigu- 
ard, when made, will be a perserver- 
ater than that it will be a 
nonperseverative one, but this difference 
is not a function of the amount of partial 
reinforcement (note in Table 2 the small 
percent reinforcement sources of variance 
for the perseverative and nonpersever- 
ative errors made with unambiguous 
cards). That is, it appears that the 
probability of a correct or incorrect re- 
sponse with an unambiguous card does 
not change following correct responses 
with ambiguous cards, but that the 
probability of an error made on the basis 
of the partial dimension increases with 
increasing amounts of such partial rein- 
forcement, while the probability of an 
error made on the basis of the irrelevant 
dimension correspondingly decreases. 

The fact that the probability of a 
correct response with unambiguous cards 
does not increase the greater the number 
of ambiguously correct trials 1s more 
likely a limitation of this study rather 
than the principle of reinforcement. 
There was little variability 1n ra 
biguously correct scores, there being ew 
errors made following ene first B A 
sponse. Also, direct measures 0 he 


ous C 
ative one is gre 
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relevant probabilities, such as the con- 
ditional probability of a correct response 
with an unambiguous card given zero, 
one, two, or three ambiguous cards, cor- 


in the 1958 Gormezano and Grant study 
where no relation was found between 
Stage II learning and amount of partial 
reinforcement in Stage I of the Stage II 


response in S.R analysis of 
learning." Despite efficient designs, 
however, analysis of variance tests of 
trial to criterion measures could 
rather insensitive to small differences in 
exact probability measures that would 
be indicative of such interactions. Until 
designs and analyses with improved 
Sensitivity are performed, the contribu- 
tion of these studies to the need for such 
complicating axioms to behavior theory 


might best be parsimoniously viewed 
with reservation. 


concept 


The present experiment does clearly 
indicate a relationship between learning 
to respond on the basis of one dimension 
and the amount of partial reinforcement 
that another dimension receives simul- 
taneously. This relationship is manifest 
partly in the increasing relation between 
nses to criterion and 
reinforcement because 


Correctly, and is e i 
the increasing relationship between the 


partial reinforcement. 
cates that these relationships occur both 
when the partial dimension Was previ- 
ously relevant and when 


irrelevant, Gormezano and Grant (1958), 


Gormezano and Abraham (19612), ps 
Buss (1959) have similarly shown is 
creased difficulty of learning 3 eu 
creased partial rcinforcement o ae 
previously relevant condition s 
Gormezano and Grant (1958) and dee 
mezano and Abraham (1961b) peu 
found this rclationship in Stage "- io 
the partial and other dimensions es dé 
prior reinforcement history, D tidy 
Gormezano and Abraham (1961b) whare 
has demonstrated it for the qase IN 
the partial dimension was a Patan 
partial dimension. Thus the bes en 
in amount of partial EXE 
partial dimension seems to be rdi aitala 
controlled source of variance in Sal reine 
nation learning where such partia [ the 
forcement exists, independently tia 
Prior reinforcement history of the P ware 
dimension. Hunt (1962) has been X his 
of this possibility (see Ch. 3 os es- 
scholarly treatise Concept Learning, 
specially Footnote 7). 


de 
Stage III.—ln Stage lll, e bh 
sponded with number sorts on ES the 
101 of 1,600 trials, the mean 0 
Square-root transformed scores Ti cse 
other responses being .929. a 
other responses increased slightly a ð 
trials, but were not related to any . 


is,” 
the independent variables (for all 7 


p > .001), and were equally likely 10 
have been color or form sorts di 
dependently of the independent Mer 
ables. Thus it would seem that t e 
10-trial criterion in Stage II was "This 
cient even for the 75% groups. | ilar 
high resistance to extinction is sim 


NA rba 
to that often found with ve 
operants (Buchwald, 1960). 

REFERENCES pt 
C] 
ABRAHAM, F. D., & Gormezano, I. Conc 


nce 

formation as a function of prior Pri 

of a partially reinforced dimension. e 

Psychologist, 1960, 15, 467. (Abstra ort! 
Bucuwa.p, A. M. Supplementary ap a 

Alteration in the reinforcement value 960 

Positive reinforcer. J, exp, Psychol., 

60, 416—417, 


RELEVANCE AND REINFORCEMENT OF DIMENSIONS 


sa function of reversal 
in the learning of 
is: UL iexp: R 


Buss, A. H. Rigidity 
and nonreversal shif 
successive discriminati 
chol., 1953, 45, 75-81. 

Buss, A.H. Reversal and nonreversal shifts 
In concept formation with partial reinforce- 
Ment eliminated. J. exp. Psychol, 1956, 

n 52, 162-166, 

Uss, A. H. Supplementary report: Main- 
tenance of a previously learned concept as 
à function of partial reinforcement. J. exp. 
Psychol., 1959, 58, 414-115. 

ORMEZANO, L, & AnmanaM, F. D. In- 
fermittent reinforcement of a formerly 
É evant dimension in concept formation. 

Syehol. Rep., 1961, 8, 111-116. (a) 

ORMEZANO, L, & AnnamaM, F. D. Inter- 
mittent reinforcement, nonreversal shifts, 
and neutralizing in concept formation. 

Rare Psychol., 1961, 61, 1-6. (D) : 

å Miz No, l., & Grant, D. A. Progressive 

ambiguity in the attainment of concepts 
n the “Wisconsin Card Sorting Test. 
* C35. Psychol., 1958, 55, 621-627. 


249 


Grant, D. A., & BERG, E. A. A behavioral 
analysis of degree of reinforcement and ease 
of shifting to new responses in a Weigle- 
type card-sorting problem. J. exp, Psy- 
chol., 1948, 38, 404—411. 

Grant, D. A., & Curran, J. F. Relative 
difficulty of number, form and color 
concepts of a Weigel-type problem using 
unsystematic number cards. J, exp, 
Psychol., 1952, 43, 408-413. 

Harrow, M., & FRIEDMAN, G. B. Compar- 
ing reversal and nonreversal shifts in 

concept formation with partial reinforce- 
ment controlled. J. exp. Psychol., 1958, 
55, 592-598. 

Hunt, E. B. Concept learning: An informa- 
tion processing problem. New York: Wiley, 
1962. 

Kenpter, H. H., & D'Amato, M. F. A 
comparison of reversal shifts and non- 
reversal shifts in human concept formation 
behavior. J. exp. Psychol., 1955, 49, 165- 


174. 
(Received April 18, 1963) 


al oj Experimental Psychology 
TA Vol. 67, No. 3, 250-255 


— OPTE gm > i TION 
CONJUNCTIVE AND DISJUNCTIVE CONC EI Ae 
UNDER EQUAL-INFORMATION CONDITION: 
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Stanford University 


: n inclusive disjunctive 
College students learned. sets of conjunctive and inclu =~ Sea rn 
concepts in which the minimum number of choices necessary 3 


was equated. 


re diffic raster, 
The disjunctive concepts were more difficult to n 


É T ices indicated that Ss learn 
Selection of instances and redundancy in choic es indi ated uper SD 
to use a positive-focusing strategy within a conjunctive pro Epi ern aad 
than they learn to use a negative-focusing strategy within a J 


problem. 


In a discussion of the logical struc- 
ture of concepts, Bruner, Goodnow, 
and Austin (1956) made particular 
note of the difference bety veen con- 
junctive and disjunctive concepts. 
A conjunctive concept is defined by 
the joint presence of several values. 
An example of a conjunctive concept 
is “blue-eyed and red-haired men." 
A disjunctive concept, on the other 
hand, is defined by the presence of one 
or another value (e.g., "tall or thin 
men"). Hunt (1962) makes a further 
distinction between inclusive and c 
clusive disjunctivity. In an inclusive 
disjunction, either value or both may 
occur; in an exclusive disjunction, 
either value but not both may occur. 

In studies of concept formation, 
Bruner et al. found that Ss have 
difficulty working with disjunctive 
concepts; the authors suggested that 
this was due, in part, to the necessity 
of using negative instances in order to 
solve disjunctive problems most effi- 
ciently. Indirect evidence for this 
hypothesis came from an earlier study 
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Rui & vho 
by Hovland and Weiss (1953), W 


1 e 
found that Ss are inefficient eer 
negative instances to solve and (1960) 
problems. Hunt and Hovlanc njunc- 
studied problems in which o) am 
tive, relational (e.g., larger ie. + core 
disjunctive solutions were Gian : anc 
rect. They found conjunctive fre- 
relational ‘solutions are pedi 
quently offered than disjunctive fë 
These authors suggest that pa 
quency of each type of solution iffi- 
be an indication of its relative p" 
culty. Recently, Wells (1963) dis 
tained transfer of training from ice 
junctive concept formation to a 
problems where either a conjunc e; 
or a disjunctive solution was p 
indicating that prior learning of Alty 
cept types is a factor in the Sam 
of concept learning. Wells" pr 
procedure apparently modified Pee 
habits of focusing on positive insta! ive 
and thereby facilitated disjunc 
concept formation. 

The purpose of the present i 
was to obtain a direct compar ive 
between conjunctive and disjunt. 
problems given to the same Ss- ang 
aim was accomplished by constrt a 
conjunctive- and disjunctive-Co!" 
problem sets which were So lly 
ally, perceptually, and informatio! 
equivalent. 


CONCEPT FORMATION AND INFORMATION 


METHOD 


oss stimuli consisted of two 
cards ves drawn on white 3 x5 in. file 
the left dh each card there was à triangle on 
varied ana a circle on the right. The figures 
large independently in two dimension 
makin oF sural) and color (red or green), 
P g 16 different patterns. 
the ined ere -The 16 cards used throughout 
C ee were placed ina 4 X array 
imensi at the start of cach problem. The 
and a sions and values were described to 5, 
each Ppropria te instructions were read before 
Richtee and. disjunctive set E 
general yt it was ascertained that 5 knew the 
by b Make of the relevant concept e E 
Negative ^ him pick out all positive anc 
Simple | example cards associated with a 
Prob] M Concept of cach type. [o begin a 
ards ac’ E presented S with 1 of the i6 
än as either a positive or negative xamp : 
tel RON concept, ‘The S then selectec 
his Sp TUS and was told each time whether 
The cs Was a positive or negative instance. 
to cla; grouped the selected. cards according 
Ne Verb; pus a problem was completed w hen 
30 tione ized the concept, Premature verbal 
.OAt p. Nere di: ouraged. | 
instructio, opening of a session, the 
ons were read: 


of 


Sir 


following 


it to see how you 


lhis js 
ards 


think AM experimer 
aid Sui s you can sce, there are 16 car 
One cir i the table. ] Each card contains 
triangles nt one triangle. Circles and 
instance. VES both in size and color. For 
Breen ae circle is large or small and red or 
or he same holds for triangles. 

ce Purposes of this experiment, à 
Vill be considered to be a certain set 

Nese cards, A concept about these 


tds h. j t th 
fing has been chosen, Your job m $ 
Out - effciently as 
Bossi the as efficiently 

ed imis. described 


ble i 3 
Ou €, in a manner that will be 


con- 


ve problems 


Th 
Wag pals bel P 2 
às git before a set of conjuncti em 
graphs 


We, Sive: F 
Cre tera 5, the following three para 


An ex. . 
dea ing ample of the type of concept WE M 
sh in With might be all those cards which 
Ene n both large triangles and oe 
pd Vould you please point out all t he 

Ving ere which have the property = 
Circles, Poth large triangles and gre 
hay, t ls corre ` of the 16 cards 
Co, is ct. Four e type of 

^ pr ith the 
operty, and with nam 


S we will now deal with, 
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cards will always be examples of the con- 
cept, and 12 will not. 

Please keep in mind that with the type 
of concepts we are now dealing with, just 
one property of the circles is required (red 
large, green, or small), and one property 
(red, large, green, or small), not necessarily 
the same, is required for triangles. In 
other words, small red triangles is not a 
concept we are dealing with, because this 
has two properties of one figure. Each 
concept, again, requires that its examples 
have just one property of the circles and one 
property of triangles. Do you have any 
questions about this? 

Before the set of inclusive disjunctive 
problems, the following three paragraphs 
were read: 


An example of the type of concept we are 
dealing with might be all those cards which 
contain either large triangles or green circles 
or both. Would you please point out all 
the cards here which have the property of 
having either large triangles or green 
circles or both? 

That is correct. Twelve of the 16 cards 
have this property, and with the type of 
concepts we will now deal with, 12 of the 
cards will always be examples of the con- 
cept, and 4 will not. 

Please keep in mind that with the type of 
concepts we are now dealing with, just one 
y of circles is required (red, large, 
or small) and one property (red, 
large, green, or small), not necessarily the 
same, is required for triangles. In other 
words, small red triangles is not a part of 
a concept we are now dealing with, because 
this has two properties of one figure. Each 
concept requires that its examples have 
just one property of circles o» one property 
of triangles. Do you have any questions 


about this 


propert 
green, 


of conjunctive or 


Fi vi each set 
cuni all Ss were told: 


disjunctive instructions, 

I will give you à card that is or is not 
(and you will be told which) an example 
of the concept. Your job will be to try 
other cards, one at a time. 1 will tell you 
after each choice whether or not these are 
examples of the concept. You may guess 
at the concept nt, but wrong 


at any point, 
guesses will result in asubtraction from your 
score. However, 


there is obviously no 

nalty for picking particular cards which 
i “not examples of the concept. Your 
= be dependent on how few cards 


score will 
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you have to try before you are sure of what 
the concept is. When you have arrived at 
the concept, tell me what it is. If you are 
correct, that problem will be finished and 
we will go on to another concept. ‘Time is 
not a factor, only the number of cards you 
have to try. Work efficiently, but do not 
hurry. You may take as long as you wish. 
You may rearrange the cards during trials 
in any way that may be helpful to you. 
We will make two rows at the side, one for 
cards that are examples of the concept, and 
a row for those that are not. Do you have 
any questions? 


Design—A 2*%2%2 design was used 
with the following variables: (a) two sets of 
three problems, a conjunctive set (C) and an 
inclusive disjunctive set (D); (b) two pres- 
entation orders, C-D and D-C; and (c) sex. 
Each S was given both C and D sets and was 


randomly assigned to one of the two presenta- 
tion orders, 


Problems.—T, 
sets of three C 
example card 


able 1 summarizes the two 
and D problems along with the 
given before each problem for 
Exp. I (for the Problems of Exp. II 
below). Given the 
stimuli, there are 16 
and circle-value soluti 


1 » see 
Instructions and the 
Dossible triangle-value 


ons for each problem. 
If an example card is positive for a C problem 


or negative for a D problem, 12 of these 
possible solutions are eliminated. Similarly, if 
an example card is negative for a C problem 
and positive for a D problem, 4 of the possible 
solutions are eliminated. Thus, positive C 
instances and negative D instances yield the 
most information and their respective selec- 
tion would lead to the most efficient C or D 
problem solving. When the example card was 
Positive, a C problem could be solved in two 
card choices, and a D problem in three or four 


AND TOM TRABASSO 


choices, depending upon S's first cang TOE 
When the example card was e E 
problem required two T choices ID sls of 
problem, three or four. The C anc 2 ap tis 
three problems cach were equated 3s cst for 
minimum number of choices nec EU 
solution, 8-10 choices for Exp. I, an 

oices for Exp. IH. : —— 
x e i E fa experiments i Me 
formed. In the second experiment, blems 
problems in Table 1 were made C pr cards 
and vice versa. Thus, all C orap e cud 
became negative and all D examp E a 
became positive. The second expen ot the 
conducted to assess whether c ted to 
particular value-value pairs Sed SD. 
any possible differences observed wn mea 

Subjects.—Vor Exp. I, the aT s. from 
volunteers, 12 males and 12 es sversity: 
psychology classes at Columbia t a % males 
For Exp. II, there were 12 volunteers, tudent 
and 6 females, from the same § 
population, 


ResuLts AND DISCUSSION 


7 
Efficiency was first evaluated b: 
comparing the number of rr m a 
quired to solve all three problems th 
concept set. Table 2 summarizes ex- 
analysis of variance for cach C 
periment. 

In both experiments, the D 
required more choices to solution t ja 
the C set. In Exp. I, the mean be. 
choices were 19.04 for the D set ^it, 
13.75 for the C set. For EXP- 051 
these values were 19.00 and 15: 
respectively. No other main effec 


TABLE 1 


CONJUNCTIVE AND INCLUSIVE DISJUNCTIVE Sr 


ETS USED IN Exp. I 


Concept Example 
Problem 

Triangle Circle Triangle Citadè Instance 
Ci G and L S,G ER Positive 
C2 L and R 3G SR Negative 
C3 R ^ and $ L,R L G Negativ 
D1 L and/or R LG LE Positive 
D2 G and/or G LR SR Negative 
D3 S and/or L SR SiG Positive 


` Note.—The values of the stimuli were G (Green), L (Large), S (Small), 


and R (Red). 


| 
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to 
1 


TABLE 2 


Q 


ANALYSIS OF VARIANCE ON Croices TO SOLUTION 


Exp. I Exp. II 
Source 
df MS I df MS " 
Between Ss 23 11 
Sex (S) 1 6.02 21 1 15.04 2.00 
Order (0) 1 20.02 2 1 ot 05 
SxO 1 1.69 .06 1 11.81 1.57 
Error (b) 20 28.46 8 7.53 
Within ss 24 12 
Concepts (C) 1 336.02 23.40** 1 92.04 7.20* 
CXS 1 3.52 25 1 5.05 1.18 
Cxo 1 35.02 2.44 1 221 .02 
CXSxo 1 3.69 26 1 5.21 41 
Error (w) 20 14.36 8 12.81 
*p «.05. 
"p S. 
and no throughout a problem, then the pro- 


interactions were significant 
Tansfer between concept types Was 
pPserved, Product-moment correla- 
m between S's number of choices 

*quired on each of the two problem 
E Were not significant. No S re- 
quired all cards to solve 2 problem ; 
sq D'ximum number selected by a 
roble D problem was 14 and for a © 

9blem, 11, 

a e mean number 
Rel ae is reported in Table ; 
anr ive transfer within cach se 

Not be properly evaluated because 
Confounding with the class of 


“8 . . B 
trong cards and inconsistencies in 
d. 


of choices per 


If x 
S selects instances at random 

M TABLE 3 
EAN NuMBER or INSTANCES G 


Problems 


HOSEN 


Exp. I Exp. H 


Bocliiels iii : 
€ lail szl 437 548/925 4.32 
4 | 5.21 | 632 | eor | 5-70 | 633 


b 


portion of positive instances chosen 
should be near .25 for C concepts and 
75 for D concepts. However, if 5 
uses à “positive-focusing strategy" 
(cf. Bruner et al, 1956) which is 
efficient for C problems and, con- 
versely, a "negative-focusing strat- 
cgy” which is efficient for D problems, 
these respective proportions should be 
higher or lower. To study this, each 
S's problem was divided into halves 
and the number of positive C and 
negative D instances chosen per half 
was counted. These Vincentized per- 
centages were nearly equal for the two 
experiments and were pooled for the 
summary presented in Table 4. 
Summing over all problems, the 
proportion of positive C choices and of 
negative D choices was above chance 
expectations. The first- and second- 
half comparisons in Table 4 indicate 
that S learns to select, within a 
problem, a positive instance under C 
conditions more rapidly than a nega- 
instance under D conditions. 
The S would appear to solve C con- 
cepts sooner since he learns to choose 


positive instances within a C problem 


tive 
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TABLE 4 
PROBABILITY OF A Positive C AND A NEGATIVE D CHOICE 


Proportion per Half 


Problems Positive C 


Negative D 

First Second Trials First Second Trials 

1 24 56 49 :32 a 

2 22 61 84 17 36 "i 

3 22 .64 76 21 :37 316 
Total 22 -62 232 20) 35 3 


more rapidly than negative instances 
within a D problem. Since the im- 
Provement in selection occurs only 
during the second half of the problem 
and not over successive problems, 
there is no apparent transfer of either 
a positive- or negative-focusing strat- 
egy. The tendency to choose more 
informative instances may result from 
the information obtained on initial 
choices. That is, a positive C card 
may be easier to find once S has 
selected a few cards, be they positive 
or negative. 

An information analysis was per- 
formed on the card choices with 
respect to the number of redundant 
and nonredundant card selections to 
solution. A card choice was defined 
as redundant if it could not eliminate 
at least one further incorrect solution 
beyond those already eliminated by 
the example card, preceding card 
choices and, if verbalized by S, wrong 
hypotheses, Admittedly, one does 


use. 


According to this analysis, 
all incorrect solutions were elim 
by card Choices. 
cent of the problem 
all incorrect solutions eliminated ; the 
remainder were solved with three or 
less incorrect solutions still Possible, 


nearly 
inated 
Eighty-seven per- 
S were solved with 


The average nonredundant choices 
were nearly equal: for Exp. 1, they 
were 9.04 for C problems and 8.75 for 
the D set, and for Exp. II, these 
values were 10.57 for the C set and 
11.20 for the D set. However, more 
redundancy in choice occurred on. D 
problems. For Exp. I, mean redun- 
dant choices were 4.71 for the C set 
and 10.29 for the D set, F (1,20) 
= 32.02, # < .01; and for Exp. II, 
these values were 4.48 for the C set 
and 7.80 for the D set, F (1, 8) = 7.61, 
P <.05. No other main effect or 
interaction was significant. g 
The relative frequencies with which 
an S chose positive and negative in- 
stances on the final card for a problem 
are summarized in Table 5. The 
percentage of these choices which were 
redundant is also reported. : 
The very high proportion of positive 
C instances sclected as the last card 
and the above-chance selection of 


'TABLE 5 


PROBABILITY or Positive AND NEGATIVE 
FINAL CARDS 


Concept 


Instance c D 


Choices | Redundant Choices | Redundant 


Positive .85 «66 


.64 .84 
Negative | ^15 45 


-36 265 
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negative D instances are consistent 
with use of positive- and negative- 
focus strategies within a problem. 
Last-choice redundant negatives are 
more frequent for the C set, whereas 
redundant positives are more frequent 
for the D set. This is expected since 
these selections are more likely to be 
redundant when chosen later in the 
Series. 

Since there is no difference, between 
C and D classifications except for the 
labels S is forced to apply, the form 
which S's verbal hypothesis ud ie 
may be the critical variable. | = z 
is unfamiliar with the language o a S 
concept, he may be nm r 
proffer a statement until Wn = 
hence, redundantly certain. iden: 
this possibility, the trial upon » E 
the first hypothesis (correct u B 
Correct) was offered was one cim 
the two sets and no significant ra a 
ences were obtained. In Exp. Cc 
mean trial of the first hypothesis ee 
problem was aaf ame Pen DEFECT 
was 4.28, matchet ES xh 
p > 03;and in Exp. II, the respective 
values were 4.55 and 4.69, ma 
t (11) = .32,p > .05- 


Of the first by: 
s anc 
potheses offered, 75% do C 
56% of the Ds were Corres”, the 
An alternative interpretation of he 
be made on th 


redundancy data can DC , p 
basis of .S's choice behavior. Ever 
concepts, a negative choice Lats 
à positive is more likely to um 
dant than a positive — dep. 
à negative. The reverse 15 


255 


concepts. For the C set, the condi- 
tional probability of a negative follow- 
ing a positive was .52; whereas for the 
D set, the conditional probability of a 
positive following a negative was .66. 
Therefore, in C learning, the fewer 
redundant choices result from both 
the lower number of choices to solu- 
tion and the higher incidence of 
informationally rich positive choices. 
In D learning, the redundancy results 
from the larger number of choices and 
the high incidence of low-information 
positive choices. An S appears to be 
more efficient in using positive C 
choices than negative D choices, even 
though both instance types yield the 
same high information. In particular, 
comparing Problems C1 and D2 of 
Exp. I, where C1 began with a positive 
example and D2 with a negative, the 
ratio of redundant to nonredundant 
choices in D2 was twice that of C1. 
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EFFECT OF CONSTANT VERSUS VARIED PAIRING 
OF SIMULTANEOUS INTENTIONAL- AND 
INCIDENTAL-LEARNING MATERIALS 
WITH DIFFERENT RATES AND 
NUMBERS Or EXPOSURES ! 


MARILYN E. MILLER axp VIRGINIA LAKSO 


University of Wisconsin, Milwaukee 
224 Ss were instructed to learn a series of 7 nonsense syllables, each 
i Half the Ss were instructed 
to learn the forms (Intentional) and half were given no form es 
(Incidental). Either a given syllable appeared in the same form on al 
trials (Constant), or it appeared in a different form on each trial 
(Varied). Stimuli Were presented for cither 2 or 8 sec. for either 1, 3, 5, 
or 7 trials. Intentional Ss learned significantly more forms and fewer 
syllables than Incidental Ss. Both longer exposure and increased trials 
facilitated intentional learning; increased trials facilitated incidental 


learning only with longer exposure, Changing the form-syllable rela- 
tionship from trial to trial facilitated learning of forms. 


: — z in- 
Much of the research concerning currently, Type I psum S is 
incidental learning has been directed cludes those situations in which 


eus : : ‘ imply 
toward determining whether the vari- required to rate, match, or a 
ables affecting intentional learning Pronounce the material (orien 


also affect incidental learning, and task), and is then tested on tha 
whether the effects are similar. Two material. An example of Type 5 
such variables which have been in. design would be the case in which f 
vestigated separately are rate of is instructed to learn a series 9 
exposure (Neimark & Saltzman, 1953; nonsense syllables (orienting | oen 
Rosenberg, 1959) and number of each Presented in a sromstrié torm, 
presentations (Brown, 1954; Postman and is then tested for recognition ioe 
& Adams, 1958; Saltzman & Atkin- recall of the forms (incidental rm 
son, 1954). The results have been ing). Although the previously we 
seemingly inconclusive. A direct com- studies can be classified as cither YD. 
parison of previous results is compli- or Type II, there is no unanimity 0 


results regarding rate and number 4 
exposures within types. This may ie 
due to a further complication. The 
studies investigating rate of exposure 
ype used a different number of presenta- 
tions in each case, and those cire 
gating number of exposures uscd à 
different exposure rate in each case. , 

The present experiment investi- 
gated the possibility of an pm e 

* Supported by National Science Founda. Rate x Number of Exposures inte: 
im Undergraduate Research Grant G-22832, action in a Type II design. 


- L. Madison, Director It was felt that the manner in which 


orienting tasks were used. Mechanic 
(1962) has suggested that most in- 
cidental-learning designs could be 
Placed in one of two categories: T 


any of the materials; and Type II, in 
Which S is instructed to learn some 
material and is tested on other ma- 
terial which has been Presented con. 
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IN 


the orienting-task material and the 
incidental material were paired during 
presentation might have à differential 
effect upon the amount of incidental 
learning; therefore, that variable was 
also investigated. 

In the present 
Orienting task consi 
Serial list of nonsense syllables, each 
presented within a geometric form. 
The Ss were either told nothing about 
the forms (Incidental) or were told to 
learn them while learning the syllables 
(Intentional). Thus the design in- 
Vestigates the simultaneous, inten- 
tional learning of verbal material with 
Cither intentional or incidental learn- 
ing of nonverbal material. A given 
syllable either appeared in the same 
geometric form on all trials (Constant) 
Or in a different form on each trial 
(Varied). ‘The syllables (and forms) 
Were presented for either 2 or 8 sec. 
for a total of either one, three, five, or 
Seven trials. 


experiment, the 
sted of learning a 


METHOD 


Design—A 2 X 2X 2x4 factorial design 
was used to investigate the following vat: 
ables: Instructions (Intentional vss qu 
dental), Exposure Rate (2 vs. 8 sec.), Sti i 
Pairing (Constant vs. Varied), and Number 
Exposures (one, three, five, Or seven). ed 

Subjects.—An equal number (7) o mS 
duetory psychology students were ran 


assi t ent groups, for à 
assigned to cach of 32 treatm ul bo Ss 


total of 224 Ss. Data for an à 
in | dps i from 
In the Incidental groups were omitted yee 
the analysis because those Ss uere and 
When asked whether they had trie! 


‘lables. 
the figures as well as the SY oan nonsed 


Materials and apparatus. ‘i 
Syllables were a i from Glaze A. 
association-value list. The seven = m 
orms used were the same 2» Tt 
and described by Fischer and Baker 
d were preparec, 


"orty-nine 35-mm. slides oe 
iepresenting cach possible syllable-form 
ination. i 

test consisted of the 


_ the recognition 
Original 7 figures interspersed amo 
Seometric figures. 

Procedure.—Each S W 
and was placed 15 ft. from 


ng 14 other 


as run individually 
a screen upon 


IONAL AND INUDE: 
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U 
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which the stimulus materials were projected. 
All Ss were instructed to learn a serial list of 
nonsense syllables by the anticipation method. 
Intentional Ss were further instructed to 
learn the figures enclosing the syllables in 
preparation for a recognition test of the forms. 
Depending upon the treatment group, Ss 
were shown the slides for 2 or 8 sec. for a total 
of one, three, five, or seven trials. A different 
random order of the syllables was used for 
each S. For Ss in the Constant-Pairing 
group, a given syllable appeared in a given 
form on all trials, whereas for Ss in the Varied- 
Pairing group, a given syllable was presented 
in a different form on cach trial, However, 
no form appeared more than once during any 
one trial. 

After the requisite number of trials, all Ss 
were given the recognition test and were 
asked to place an "x" inside each of the 
figures they thought they had seen during the 
showing of the slides. The Ss were told that 
there were seven such figures, so no correction 
for guessing was made. 


RESULTS 


Figure recognition —The mean num- 
ber of forms correctly recognized by 
each of the treatment groups is shown 
in Table 1. The Ss having only one 
presentation could not be divided into 
groups having constant and varied 
pairing of the stimulus materials, 
since the pairing was, of necessity, 
constant for that one trial. For this 
reason, the numbers of forms cor- 
rectly recognized were analyzed both 
excluding and including the data of Ss 
having had one trial. These two anal- 
yses were not construed to be inde- 
pendent of one another, and were 
done only to determine whether the 
effect of the relevant variable (Con- 
stant vs. Varied) was the same. The 
effects were almost identical, there- 
fore only the analysis based on data 
of all Ss is presented. ' 

Each of the four variables had a 
significant main effect. Instructions 
and exposure rate were significant with 
p < .001, F(i, 192) = 135.76 and 
12.62, respectively, while stimulus 
pairing and number of presentations 
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TABLE 1 
MEAN NUMBER oF FORMS RECOGNIZED 
Intentional Instructions Incidental Instructions 
Bresette ans Constant Varied Constant Varied E 

2 Sec. 8 Sec. 2 Sec. 8 Sec. 2 Sec. 2 CA ied 
1 4.14 4.71 4.29 5.29 3.29 24 "i 
3 5.00 6.00 4.71 5.14 3.00 SUI aid 
5 4.14 5.57 5.14 4.71 3.57 ae ish 
7 4.57 5.57 5.29 .00 3.14 3. S 


were significant with a P< OL, F 
(1, 192) = 7.86, F (3, 192) = 4.89, 
respectively. These data indicate 
that instructions to learn the forms, an 
8-sec. exposure interval, varying the 
syllable-form relationship, and in- 
creasing the number of presentations 
all resulted in an increased number of 
form recognitions, However, two of 
the three-way interaction effects were 
significant at the .05 level. The In- 
structions X Stimulus Pairing X Ex- 
posure Rate interaction—/ (1, 192) 
—4.23—is presented graphically in 
Fig. 1. Analysis of the simple effects 
of the instructions by exposure rate 
for constant and for varied stimulus 
pairing indicated the following: inten- 
tional Ss recognized significantly more 
forms than did incidental Ss, regard- 
less of pairing (p < .001); with con- 
Stant pairing, intentional .Ss recog- 
nized significantly more forms with an 
8-sec. than with a 2-sec. exposure 
(b < .025), while incidental Ss showed 
no improvement; and with varied 
pairing, both intentional and inci- 
dental Ss showed a significant inc 
in number of forms recognized 
the 8-sec. exposure (p < .025). 
In Fig. 1, it may be noted that for 
the lowest level of learning (i.e., with 
incidental instructions and a 2-sec, 
exposure) and for the highest level of 
learning (with intentional instructions 
and an 8-sec. exposure), there was no 


rease 
with 


facilitative effect due to varying the 
syllable-form relationship from trial 
to trial. Such facilitation occurred 
only for the intermediate levels. 

The Instructions X Number of 
Presentations X Exposure Rate inter- 
action— 7 (3, 192) = 2.65— is shown 
in Fig. 2. Analysis of the Rate 
X Number of Exposures interaction 
for the intentional Ss indicated a sig- 
nificant main effect due to both rate 
(b < .001) and number of exposures 
(b « .05), with no interaction effect. 
Thus, Ss instructed to learn the forms 
recognized significantly more of them 
with an 8-sec. exposure than with a 
2-sec. exposure, and there was 4 
change in performance with an LN 
creased number of exposures, The 
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EXPOSURE RATE IN SECONDS 


Fic. 1. Mean number of figures correctly 
recognized by Intentional and Incidental Ss 
with Constant and Varied stimulus pairing- 
(Each point represents data for 28 Ss.) 
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Fic. 2. Mean number of figures correctly 


and Incidental 5s 


recognized by Intentional 
i re rate. 


having a 2- and an 8-sec. expe 


(Each point represents data for 14 Ss.) 


Newman-Keuls method for testing 
irs of treatment 


differences between pa! t 
means (using P = 05 as the highest 
acceptable value) showed that a sig- 
nificantly larger number of forms was 
recognized with three and with seven 
than with one trial. The other Es 
Parisons were not significant. — : 
explanation for the large number 5 
forms recognized by intentional bs 
having a 2-sec. exposure and three 
trials can be offered, except that it was 
a large chance difference. This ex- 
planation is supported by the i 
Significant interaction, which indicate 
that the deviation from parallelism " 
the two curves could be due to chance. 
A similar analysis of the ah 
X Number of Exposures interac 
for incidental Ss yield hielily 
main effects but did show a hight) 
Significant difference 
lorms recognized betwe 
8-sec. groups who had had 
In other words, the 8-8¢¢- 
showed a facilitative 
increased number of € 
2-sec. group did not- rhe 
Nonsense syllable anticipation- 


i5 ron Cl 
mean numbers of anticipato It 
y 


in i 
en the 2- and 
seven trials. 


Per trial are shown 1M Fig. 
Should be noted tha he 


points represent data for decreasing N 
as the number of trials increases. 

In order to analyze the number of 
anticipation errors, it was decided to 
combine the data for all Ss who had at 
least five trials. Thus the analysis is 
based upon the data of 14 Ss per 
treatment group, or a total of 122 Ss. 
Although this procedure eliminated 
the data of those Ss who had only 
three. presentations and the data on 
the sixth and seventh trials of those Ss 
who had a total of seven presentations, 
it was felt that the analysis utilized 
the largest amount of stable informa- 
tion possible. 

Both exposure rate and instructions 
had a highly significant main effect, 
F (1,104) — 62.90 and 15.30, respec- 
tively, p < .001. Thus Ss with an 
8-sec. exposure rate learned the syl- 
lables more quickly than those with a 
2-sec. rate, and Ss given no instruc- 
tions concerning the figures learned 
the syllables more quickly than those 
who were instructed. to learn both 
figures and syllables. However, the 
Instructions X Exposure Rate inter- 
action was also significant, F (1, 104) 
= 461, p< .05. Statistical com- 


parison of individual pairs of means 


NUMBER ANTICIPATION ERRORS 
[n 
2 


TRIALS 


Fic. 3. Mean number of errors in antici- 
pating nonsense syllables. (Data points for 
Trials 2 and 3 are based on an N of 21; for 
Trials 4 and 5 on an N of 14; and for Trials 


6 and 7 on an N of 7.) 
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indicated that both intentional and 
incidental Ss learned more syllables 
with an 8-sec. exposure. With a 
2-sec. exposure the difference between 
intentional and incidental Ss was not 
significant (5.62 vs. 5.19, respectively) 
but was highly significant with an 
8-sec. exposure (4.23 vs. 2.78, respec- 
tively, p < .001). 

The main effect of trials was also 
significant, F (3, 312) = 109,97, 
b < .001, as were the Trials x Rate, 
F = 4.73, p < .01, and the Trials 
X Instructions, F = 8.78, p < .001, 
interactions. The means showing the 
two interaction effects are presented in 
Table 2.. Using p = .05 as the highest 
acceptable probability level, analysis 
of pairs of means indicated that there 
were consistently fewer errors with the 
8-sec: exposure than with the 2-sec. 
rate throughout trials, and that inci- 
dental Ss made significantly fewer 
errors than intentional Ss throughout. 
The Newman-Keuls method showed 
a significant improvement for each 
increase in number of trials. Thus Ss 
learning nonsense syllables by the an- 
ticipation method learned more with 
increased number of trials, but learned 
much more quickly with 8-sec. ex- 
posure than with 2-sec. exposure. 
The Ss who had been instructed to 
learn figures and syllables as well as 
those who had no instructions con- 


TABLE 2 


MEAN NUMBER ANTICIPATION ERRORS 


Trials 


2 a 4 5 M 
Instructions 
Intentional | 5.76 | 5.19 | 4.65 | 4.13 4.92 
Incidental | 5.32 | 4.67 | 3.38 | 2.60 3.98 
Exposure 
5.14 
2.90 


2 sec. 6.24 | 5.80 
8 sec. 4.83 | 4.06 
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TABLE 3 


DISTRIBUTION OF DISCARDED INCIDENTAL SS 


Exposure 
Stimulus Pairing |— 
2 Sec 8 Sec Total 
i ] COME 22 
Constant 8 14 d 
Varied 1 k 7 H 
Total 12 21 9 


cerning the figures, showed improve- 
ment with increased number of trials, 
but the latter Ss learned much more 
quickly. . 
Discarded Ss.—Data for 33 Ss in the 
incidental groups were not included in 
the analysis because Ss stated € 
they had tried to learn the incidenta 
material. Distribution of the dis- 
carded Ss with respect to exposure 
rate and stimulus pairing is shown 1n 
Table 3. Although the difference in 
cell frequencies was not significant, 
those Ss with the longer exposure time 
and those for whom the figure-syllable 
relationship remained constant tende 
to try to learn the figures despite no 
instructions to do so. Since Ss were 
not evenly distributed among the 
treatment groups, no direct analysis 
of number of forms correctly recog- 
nized could be made. However, in 
comparison to the mean number of 
figures recognized by the incidental S$ 
retained in the analysis, 30 of the 
discarded Ss recognized a number 9 
figures greater than the mean for the 
corresponding treatment group. T hus 
the procedure of asking Ss whether 
they had tried to learn the incidental 
material and discarding their data 
on the basis of an affirmative answer 
appears to be a necessary contro 
in incidental-learning | experiments: 
Omitting this procedure would ten 
to obscure the differences between 32° 
tentional and incidental performance: 
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DISCUSSION 


Mechanic (1962) has suggested that in 
a Type II design, performance of the 
intentional task competes with the inci- 
dental task. When the intentional and 
incidental materials are presented for a 
limited exposure interval, any experi- 
mental variable which tends to focus S's 
attention upon the intentional stimuli 
would tend to reduce the proportion of 
exposure time available for responding 
to the incidental material, and result in 
lesser incidental learning. On this basis, 
it would be expected that with a longer 
exposure interval, a greater proportion 
of ‘the time would be available for the 
incidental material, and greater inci- 
dental learning would occur. Such was 
not the case. The Ss who had no in- 
Structions concerning the figures, did not 
recognize more figures with an S-sec. 
than with a 2-sec. exposure interval, ex- 
cept when the serial order of the forms 
(or the form-syllable relationship) varied 
from trial to trial. Thus it appears that 
even though more time may be available 
for responding to the incidental material, 
S will not nece 


sarily utilize that time 
unless some variabl 


e is introduced which 
Serves to focus S's attention upon the 
incidental material. In the present ex- 
Deriment, varying the order of the inci- 
dental items appears to have been an 
attention-focusing" variable. In inten- 
tional learning of both the syllables and 
the forms, a longer exposure interval 
clearly facilitated learning. . 
According to task competition, 1t 
might also be expected that à greater 
Proportion of the exposure interval woul 
be available for response to the incidental 
material with an increased number of 
trials, i.e., with repeated trials, during 
Which time S is learning the intentional 
material, S may spend a decreasing por- 
tion of the exposure interval on the 
intentional material and, consequently, 
More upon the incidental items. It 
would, therefore, be expected that inci- 
dental learning would increase with an 
increased number of presentations. This 
was found to be true only with an 8-sec. 
exposure and then only after seven trials. 


This finding may be related to the extent 
of intentional learning. It will be re- 
membered that learning of the syllables 
occurred significantly more quickly with 
an 8-sec. than with a 2-sec. exposure 
suggesting that S was spending the 
greater portion of the 2-sec. exposure in 
responding to the syllables even after as 
many as seven trials. Whether the task- 
competition interpretation is correct or 
not, it seems clear that the exposure rate 
used determines the number of trials 
necessary before facilitation of incidental 
learning occurs in a Type II design, with 
nonverbal incidental material. On the 
other hand, an increased number of trials 
tended to facilitate intentional learning 
of both verbal and nonverbal materials, 
with either the 2- or 8-sec. exposure. 

The data of Ss instructed to learn both 
the syllables and the forms appear to 
be consistent with the task-competition 
hypothesis. It seems likely that instruc- 
tions to learn the forms would result in 
proportionately less of the exposure time 
being spent in responding to the syllables 
and more to the forms than for Ss with 
no figure instructions. Thus, fewer syl- 
lables and more forms were learned by 
intentional Ss, and the inferiority of 
syllable learning as à function of figure 
instruction is more pronounced with an 
8-sec. exposure than with a 2-sec. cx- 
posure. Syllable anticipation was, of 
course, the primary task and required 
immediate responses. Therefore, with a 
2-sec. exposure it seems likely that most 
of the rather limited time was spent in 
responding to the syllables rather than 
the forms, resulting in relatively less task 
competition. With the 8-sec. exposure, 
more time was available for responding 
to the forms, resulting in more competi- 
tion with the learning of the syllables, 
compared to Ss who had no figure 
instructions. 

The effect of varying the form-syllable 
relationship facilitated figure recognition 
for intentional Ss only with a 2-sec. 
exposure. It would seem that with a 
relatively brief exposure, the introduction 
of an “attentional” variable is helpful 
for learning, but that with the longer 
8-sec. exposure, it is not necessary. 
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With regard to the effect of varying 
what might be thought of as cither the 
form-syllable configuration or the serial 
order of the figures, it might be profitable 
to determine which variation is impor- 
tant, ie. whether facilitation depends 
upon configurational or positional varia- 
tion, or both. Other lines of investiga- 
tion which might be fruitful to pursue 
are whether the facilitative effect of 
variation would occur with verbal as well 
as nonverbal material and whether it 
would occur in recall as well as in 
recognition. 
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ADAPTATION IN THE PERCEPTION OF ROTARY MOTION! 


J. RAPOPORT 


Psychological Institute, Uppsala, Sweden 


The effect of adaptation to a rotary pattern on speed ratings of the 


pattern was studied using a stimulus known to give a clear negative 
aftereffect of motion when tested on the stationary condition. 


A 


standard speed was presented for every rating. When test speed was 
the same or less than adaptation speed and in the same direction, test 
speed was rated less than control speed, consistent with Gibson's 
hypothesis that adaptation produces a negative shift along the sub- 
jective stimulus continuum. However, when test speed was greater 
than adaptation speed, then the test speed was rated relatively higher. 
When adaptation and test speeds were in opposite directions, the 
results were not as clear, but some aftereffects appeared also to be 


negative and some positive. 


The aftereffect due to viewing a 
rotary stimulus has usually been 
studied with a stationary test pattern. 

f one first views a rotating pattern, a 
Stationary pattern will then appear to 
turn in the opposite direction. The 
best known example is the spiral after- 


effect, but other patterns have e 
Shown to give clear and less ambigu- 
gi h, 1911). 


Ous aftereffects (Wohlgemut 

Johansson (1956) measured aftereffect 
When the circular test pattern was 
moving slowly in the same direction 
and the velocity was adjusted by 5 $° 
that it appeared equal to the after- 
effect velocity. Gibson (1937) dem- 
onstrated aftereffect on a test pat- 
lern moving at the same velocity ie 
the adaptation pattern and obtained a 
Phenomenal decrement 1 velocity, 
Which he considered part of a shift m 
the correspondence between perceive 
Velocity and all of the values along 
that stimulus dimension of velocity 


(Gibson, 1959). 
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Carlson (1962) tested the effect of 
adaptation to orbital velocity on test 
speeds greater, less, and the same as 
the adapting speed and in the same 
and opposite directions. He found 
that adaptation decreased the per- 
ceived test velocity when the objective 
test speed was the same or less than 
the adaptation speed and in the same 
direction. However, for test speeds 
greater than the adapting speed he did 
not obtain the negative shift predicted 
by Gibson's theory of adaptation. In- 
stead, he found either an increase or 
no effect on test speeds higher than 
the adapting speed and in the same 
direction, and either a tendency to 
decrease or no effect for test speeds in 
the opposite direction. 

Carlson used a somewhat specialized 
stimulus situation not commonly asso- 
ciated with the study of motion after- 
effect. The aim of the present study 
is to test the generality of Carlson’s 
findings, utilizing a rotary stimulus 
more similar to the usual stimulus for 
motion aftereffect. 


METHOD 


Velocity rating —The S was seated in front 
of a viewing tunnel through which a striped 
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disc could be seen which rotated at a constant 
speed. After 30 sec., there was a 1-sec. dark 
interval followed by the 2-sec. test period in 
which the disc reappeared surrounded by an 
outer ring of dots. The S was told that the 
velocity of the outer ring would be called '*10" 
and that he must make a magnitude estimate 
of the velocity of the inner disc relative to the 
outer ring. The rating was for the 2-sec. 
period only, not the preceding 30-sec. period. 
'The Ss were instructed to fixate the center 
of the disc throughout the trial. 

Adaptation.—For adaptation trials, the 
disc rotated continuously during the 30-sec, 

period. Control trials were the same as 
the adaptation trials except that the pattern 
was stationary for the 30-sec. period and 
was started during the 1-sec. dark inter- 
val. Thirty seconds elapsed between trials 
(whether adaptation or control). 

Schedule.—The speeds of rotation were 
18°, 36°, and 72°/sec (this measure refers to 
degrees of arc/sec for the disc rotation, not to 
visual angle). The standard rotated at 10°/ 
sec and in the same direction as the stimulus 
disc. The experimental schedule consisted of 
six control conditions (each of the three 
speeds clockwise and counterclockwise) and 12 
adaptation trials on each of 2 different days. 
Clockwise and counterclockwise adaptation 
trials were alternated. The control trials 
were dispersed throughout the schedule. 
Each S was presented with a different order 
of occurrence of conditions; on the second day 
each was presented his schedule of the first 
session in reverse order. About 2 days inter- 
vened between the two test sessions. The Ss 
were divided into three experimental groups, 
each receiving one of the three test speeds 
(18°, 36°, or 72°/sec) as the adaptation speed 
for every adaptation trial. 

Subjects —Twenty-five male and 31 female 
university students served as Ss as part of the 
requirement for students majoring in psy- 
chology. The data for males and females did 
not differ in any consistent way and were 
therefore combined within each of the three 
experimental groups. 

Apparatus.—The S fixated binocularly 
through a 40-cm. viewing tunnel attached to 
a tachistoscope. The tachistoscope had two 
compartments, A and B, separated by a 
diagonal semitransparent mirror between op- 
posite corners of a 45-cm. square tachistoscope 
box. The stimulus disc and standard ring 
were constructed of cardboard and were 
mounted on the shafts of Motors A and B, 
respectively. The disc stimulus consisted of a 
pattern of 16 equal black and white sectors. 
The disc diameter was 3 cm. The standard 


ring was a black cardboard disc with a ving o! 
20 white dots 3 mm. in diameter. ae 
diameter of the ring was 6.5 cm. The ae E 
of the motors fitted through the walls of Los 
tachistoscope so as to display the aig ee "à 
disc alone when Compartment À was il t 
nated, and the standard ring surrounding i 
stimulus disc when both Compartments kn 
and B were illuminated. Some backgrour n 
tecture of black cardboard could be pe 
behind the disc stimulus when it was Dr 
sented alone. pons 
Motor A rotated at 18°, 36°, or ee 
Motor B always rotated at a speed of 10 le 
The standard ring always rotated in the e s 
direction as the disc during the ud es 
period in which they appeared toget ME x 
timer controlled the lamps for the two = s 
partments, first illuminating Compartme e 
for 30 sec. and, after a 1-sec. dark ed 
illuminating both compartments for a P 


. were xat 
of 2 sec. Both compartments were ** 
between trials . 

lacs inary xperi- 
Preliminary work.—Preliminary © I 


ments with 11 Ss showed that the grimly 
disc gave a strong negative aftoreffect i 
motion when tested on the stationar) E sec 
tion (average duration 21 sec. after ~ ans 
stimulation). The ratings of the test "inea 
by these Ss were an approximately close 
function of speed, although for spec d ncy 
to that of the standard there was a tenc f the 
for speeds to be called 10" (the speed o 
standard) somewhat too frequently: 


RESULTS 

Aftereffect scores were calculated 
for each S by subtracting his contro 
rating of the disc speed from his ratne 
of that speed after the adaptata 
speed had been presented. A positi 
score indicates that he rated the spi 
faster after adaptation, a negati * 
score that he rated the speed sone 
Clockwise and counterclockwise E a 
tions had no differential effect, so t? i 
have been combined. The mean, n 
the differences in rating (adaptation 
minus control) was found for eac 
group. Figure 1 shows the differentia 
effects of the three adaptation spe a 
on the speed ratings of the test P2 
tern, for speeds in the same aus 
opposite directions from the adapta 


ad 
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O—O-—O ADAPTATION AT 187/SEC 
o-a- ADAPTATION AT 367SEC 
aA A ADAPTATION AT 727SEC 


OPPOSITE 


SPEED RATING (ADAPTATION - CONTROL ) 
o 
a 


der p ii 36° 7r 


-72* -36* 
TEST SPEEDS (SEC) 
on on speed ratin 

(negative values 


“1. Effect of adaptati g when test speeds were in the sam "m 
Di a a eae same (positive values 
i ) direction from the adaptation mel nities vatum) 


and opposite 


E 
[2] 


tion speed. Each line represents the adaptation speed and in the same 
values for a different group ot >S. direction. This is the direction pre- 
The results showed a negativ 1 dicted by Gibson's hypothesis. How- 
of adaptation when t ever, when the test speed was greater 
Were the same OF than the adaptation speed and in the 


TABLE 1 


N SPEED RATING 
NG 30-SEC. ADAPTATI 


ERENCES I (ADAPTATION Mrxus CONTROL) 
oN PERIOD 


AVERAGE DIFF 
FoLLOWI 


| 


Test Speed Same Direction Test Speed Opposite Direction 
Adaptation Measure á 
Speed 18°/Sec 36°/Sec 72°/Sec 18°/Sec 36°/Sec 72°/See 
eel _ ———— f 
Tm ur | 032 0.17 1.78 —0.18 0.01 0.40 
(N= 16 SD 0.82 1.09 2.88 0.86 1.55 2.44 
N = 16) : Dto 48 <.02 ns ns ns 
m 
^ = —145 1.11 0.00 —0.54 
ee /sec M oF 142 2.20 121 1.56 120 
= 20) P <01 <.001 <.02 ns <.10 <05 
|. 
72°/ jn | 0M —105 | —0.09 | —0.07 ar) 
GW /sec | M 124 1.05 2.26 1.28 1.61 dad 
= 18) r «1001 «.001 «.05 ns ns .«.05 
e between correlated means (single-tailed values for 


a £ test for diferenc 


test Note,—All probabilities derived from 
st speeds in same direction). 
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same direction, the difference in the 
ratings was positive (test speed rated 
relatively faster following adaptation). 
This increase in test rating was 
significant for two of the three condi- 
tions where the test speed was ob- 
jectively faster than the adaptation 
speed (Table 1). When the test speed 
was 72°/sec and the adaptation speed 
was either 18? or 36?/sec, the test 
speed was rated significantly faster 
(p < .02). When the test speed was 
36?/sec and the adaptation speed 
18°/sec the difference was positive but 
not significant. These effects would 
be expected on the basis of the previ- 
ous experiments cited, 

When test speeds were 
posite direction from the 
speed, the ratings did 
significantly from the controls for test 
speeds —18? or —36°/sec. The fast- 
est speed, —72°/sec, was rated differ- 
ently from the controls by two of the 
three groups. For eight of the nine 
points with test speed in opposite 
direction to adaptation speed, the 
direction of change in rating was the 
same as when test and adaptation 
speeds were in the same direction. 
The average ratings for test speeds in 
the same and opposite directions were 
compared with each other (instead of 
with the controls), and the differences 
were significant for the middle and 
lowest test speeds but not for the 
highest. 

The control ratings of the three 
groups were almost linear asa function 
of speed. Even though each group 
had a different speed for adaptation 
trials, the control ratings of the three 


groups did not differ significantly from 
each other (p = 
difference). 


in the op- 
adaptation 
not differ 


-10 for the greatest 
There was no consistent 
trend in control ratings either within 
& session or between the first and 
Second sessions. 


DISCUSSION 


Motion aftereffects to rotary ao 
when tested on the stationary moraran 
clearly represent a negative aftere - 
of motion. The present stimulus Ves 
also been shown to give a clear pe nn 
aftereffect when tested in this cen 
When the test speeds were the roba 
less than the adaptation speed, and in be 
same direction, the results can N 
included in the class of aftereffects » pta- 
follow Gibson's hypothesis that ac s 
tion produces a negative shift along 
stimulus continuum. i seien 

The increase in apparent speed M eite 
the test speed was higher d 
adaptation speed would not be p 
by Gibson's hypothesis Carlson s m 
also found a significant cet 
perceived speed, when adaptation gos 
was 30°/sec and test speed 53^/sec. loser 
speeds in his study which. were esc 
together did not produce this MS rud 
perceived speed. In the present het a 
adaptation at 18*/sec did not p ihe 
significant increase in rating © en 
36?/sec speed, although the diee s 
rating was positive. Adaptation at g^ 
18°/sec and at 36°/sec produced E t 
increase in rating of the test speed at 
72°/sec. It would seem that adaptimin 
and test speeds must be separated ay 
some minimum amount before the aa 
parent increase in speed can take pao 

Adaptation-level theory might accoun 
for these results, and the findings ra 
Helson and Nash (1960) are of pu at 
interest in this respect. They found t Ab 
an optimal difference between 2 
ground and test weights was necessi d 
before the maximal effect of backgrov i, 
upon weight judgments was obtain T 
However, there is some diffculty the 
applying adaptation-level theory to is 
present study, because Ss always me 
their judgments relative to a uin 
velocity presented on each trial. If t : 
standard were affected by adaptation 
level, then the control ratings of the three 
groups (who presumably had Be 
different adaptation levels) should gue 
this was not the case. If the standar¢ 
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was not allected, then the effects of 
adaptation level were limited to the 
retinal area stimulated by the disc. It is 
not clear that the latter formulation 
would be compatible with adaptation- 
level theory. — 
For test speeds in the opposite direc- 
tion the results were also at variance 
with any simple concept of negative 
aftereffect. Gibson's principle predicts 
an increase in apparent speed for eo 
speeds in the opposite direction from the 
adaptation speed. An increase psi a 
only for the highest speed in the opposi 
direction, and then only in the groups 
for which an increase was also present 
When test and adaptation speeds were x 
the same direction. pondet 
Speed effects alone cannot be postu e 
since the middle and lowest € — 
Were rated significantly dapes p y dte 
test ratings for the same 2? 2 em 
directions were comparec- Possibly € 
Speed and velocity factors stie paene 
Which opposed each other for the oim 
and lowest test speeds !" opP 


direction 

T cur- 
There is some evidence fur e ect 
rence of nondirectional spe ured the 
Held and White (1959) meas ter in- 


. ine 
Perceived speed of à ee a e face of a 
Spection of visual noise on th 


TV tube and found a decrease in per- 
ceived speed. After 5 was exposed to a 
hvperstable field (a photograph of the 
TV noise), they obtained an increase in 
perceived speed of the test line. It would 
be of importance for further study of 
velocity perception to elucidate the 
precise nature of such nondirectional 
speed effects and the conditions favoring 
them. 
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REACTION TIME UN 


DER THREE VIEWING 


T Trp ^ 
CONDITIONS: BINOCL LAR, DOMINANT 
EYE, AND NONDOMINANT EYE! 
PATRICIA KELSEY MINUCCI asp MARY M. CONNORS 
United States Naval Medical Research Laboratory, Groton, Connecticut 
Reaction times for 10 Os were measured at 4 photopic intensity levels: 
7.13, 8.06, 9.10, and 10.18 log ual., under binocular, dominant eye, and 
nondominant eye viewing conditions, Reaction time has been found 
to be à negatively accelerated, decreasing function of increased light 
intensity. There is a constant relationship between the binocular 
reaction time and the average monocular reaction time for each O. 
Equivalent brightnesses under each viewing condition were calculated 
on the basis of speed of reaction. The resulting curves suggest that 
binocular reaction times are faster than would be expected from the 
data of the dominant and the nondominant eye, even assuming com- 
plete summation. g 
fis: - ` » 2 > sitie: "ere 
2 continuing problem im visual and when several intensities ce 
psychometrics is concerned with how used, often two or more log steps We" 
to measure changes in effect when the omitted. These factors undoubtedly 
stimulus is varied Over a range of contributed to the disagreemen's » | 
^ eed Reaction time (RT) has However, since reaction time can : i 
i e eee as a sensitive measure shown to vary inversely with the E 
a j Sites ‘ } : » w 
é es ove threshold. _ Studies intensity of visual stimulus, @ s '] 
involving change 1n reaction time with approach is opened to the problem 0" 
change in intensity of the visual the relative effectiveness of monoculat 
os (Bartlett & Macleod, 1954; and binocular stimulation. | 
roe berg, 1907 ; Hovland, 1936; Stein- Several studies, using various tec” A 
man, 1944; Woodrow, 1915) agree niques, (Bartlett & Gagné, 1939; | 
that reaction time decreases with an Collier & Kubzansky, 1958; Craw- 
increase in intensity, but they disagree ford, 1940; Crozier & Holway, 19391. 
ott Chie amount of the change. They Forbes & Mote, 1956; Graham, 1939; 
agree that there is a region of intensity Lythgoe & Phillips, 1938; Pirenne | 
"e ] i 
ee the curve flattens, but they 1943) have investigated summation 
i. er in Ie determinations of the — threshold. Their findings ranged pe 
Sei nn n many of the early studies no summation to complete summation. 
= Lig cii, variables are not Experiments designed to age 
stated, the number of Os was small, binocular summation at levels “on 
. : re gen- 
! This paper was adapted fror : the threshold have shown more A 
In m the the: i i 
Patricia Kelsey Minucci submitted in eee eral agreement. Brightness mathe, 
fulfillment of the requirements for the degree critical flicker frequency (cff), a 8- 
Pereka x ict in the Department of reaction time have been used to era 
RUE et niversity of Connecticut ure the effect. Sherrington (E 
The opinions or assertions contained herein Graham (1930), ane Fry gnd pi ' 


are the private one. 
to be construed 
Views of the Nay; 
Service at large. 


s of the authors and are not 
as official or reflecting. the 
y Department or the Naval 


(1933) found that suprathreshol 
stimuli viewed binocularly appeare 
brighter than when viewed monocu- 
larly, although there is considerable 
268 3 
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difference in the amount of summa- 
tion. Leibowitz and Walker (1956) 
studied the effect of field size and 
luminance on the binocular summa- 
tion of stimuli and found that the test 
field appeared brighter when viewed 
binocularly than when viewed with 
one eye. They also found an increase 
in summation with increase in stimu- 
When he measured cff, 


lus siz 
size. 
hat in-phase 


Ireland (1950) found t ) 
binocular stimulation yielded higher 
values and out-of-phase stimulation 
lower values than those obtained with 
Monocular stimulation. Since Poffen- 
berger's study of 1912, it has been 
generally accepted that binocular 
reaction time is faster than monocular 
to the same visual stimulus, although 
the reliability of his results have been 
questioned. (Teichner, 1954, p. es 
n a study involving discrimination o 
a ring from its surround, Mie 
(1913) found that as the intensity O 


the ring and the background i 
creases, the RTs increase anc 
as much lower than 


binocular RT w 


the monocular. Travis (1949) meas- 


uring the discrimination for the broni 
in a Landolt ring, found that Bing 
RT was lower than monocular. 5099; 
(1955) found binocular RT 15-1970 


BSERVER'S 
B SWITCH 


SWITCH 


Fic. 1- 


Diagram 


faster than monocular depending on 
the luminance level. He found fur- 
ther that raising the intensity 1 log 
unit resulted in a decrease in RT of 
approximately 2596 for both monoc- 
ular and binocular vision. 

In the present study, we propose 
first to clarify the relation of reaction 
time to stimulus intensity over a range 
of 3 log units, and then to answer 
the question of whether there is sum- 
mation between the eyes beyond that 
which would be expected from chance 
alone. It will be a further purpose of 
this study to determine if there is any 
significant difference between the 
doniinant and the nondominant eye as 
measured by reaction time. 


METHOD 


Apparatus.— The O was positioned with 
his head at the center of a hemispherical 
screen, facing into the screen. His head was 
steadied by an adjustable chinrest. A white 
metal occluder, pivoted by one edge, could be 
rotated to cover either eye or to leave both 
eyes uncovered. An O was carefully aligned 
at the beginning of a session to make sure 
that the stimulus, lying at the apex of the 
hemisphere, was oriented symmetrically to 
both eyes. The white interior of the hemi- 
sphere was lighted to 6.1 log weL. Translu- 
cent diffusing glass covered a hole of 1° 
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of the apparatus. 
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diameter in the apex of the hemisphere. The 
stimulus was projected on the rcar of this 
diffusing glass. Between stimulations the 
area appeared somewhat darker than the 
screen and was clearly distinguishable from ie 

The stimulus light source was a Sylvania 
glow-modulator tube, R1131C, regulated to 
give a flash of 60 msec. A biconvex lens 
focused the light from the tube onto the rear 
of the diffusing glass. A series of neutral 
density filters, mounted in a disc, permitted 
presentation of the various stimulus in- 
tensities. A diagram of the apparatus is 
given in Fig. 1. The light source was con- 
nected in series with a Hunter timer and a 
four-sequence predetermined Potter counter 
with an input signal from a 1,000-cps tuning 
fork. In the circuit were two switches, one 
for O and one for E. When a verbal signal 
was given, O depressed his switch and held it 
until he saw the stimulus flash. After a 1-2 
sec. delay E engaged his switch, the mech- 
anism was activated, i.e., the timer engaged 
the glow-modulator tube, and the counter was 
started. The O stopped the counter by 
releasing his switch and thus recorded his 
reaction time. 

Procedure.—Ten Os, corrected when neces- 
sary to 20/20 vision, served in this experi- 
ment. Each O was given three conventional 
tests of eye dominance. These tests all 
involved sighting tasks. For the purpose of 
this experiment, "eye dominance" is defined 
as simply the results obtained from these 
tests. The results were sufficiently consistent 
to allow ready classification of each O as 
"Jeft-" or “right-” eye “dominant.” 

A session consisted of one or two pre- 
determined series involving three presenta- 
tions at each of four light levels: 10.18, 9.10, 
8.06, and 7.13 log uul. under each viewing 
condition: dominant eye, nondominant eye, 
and both eyes. In each series both the light 
levels and the viewing conditions were 
randomized so that except for an occasional 
replication, each successive stimulus was 
different from the preceding one. As many 
practice sessions were run as necessary before 
data were taken. The mean of 10 reaction 
times for each condition was used in the 
analysis of variance. Since trained Os were 
employed, no catch trials were included in the 
actual experiment and none of the Os made 
any anticipatory responses. 


RESULTS 


The mean reaction times for each O 
at each experimental condition are 
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TABLE 1 


T c EC. F ZACH 
MEAN REACTION TIME IN MSEC. FOR Pap 
O UNDER Eacn STIMULUS CONDITIO 


i g apl. 
Stimulus Intensities in Log ur 


Dom. | E a 
ä | 95 1.43 8.06 | 9.10 10.18 
Dominant Eye 
t | 280.0 | 251.3 
BH P 270.2 | 244.0 
JK L | 268.5 | 256.0 
PK | R | 313.6 | 291.2 
SL R | 269.8 | 228.4 
GM | R | 310.8 | 273.8 
AR | L | 482.7 | 371.7 
HS R | 294.7 | 274.3 
IS I 221.2 205 j 
JV R | 362.6 | 293. 260.9 | 730.58 
M 308.01 268.88 2 A 
F 5 cities 
Nondominant I Y pv 
MC 306.6 | 255.2 | 229.3 d 
BH 304.7 | 247.5 | 230.1 |3126 
JK 308.5 | 265.3 | 234.7 | 224-3 
PK 353.0 | 301.9 | 274.4 t 
SL 290.6 | 232.3 | 2122 2069 
GM 317.0 | 278.0 | 254.3 od 
AR 484.6 | 302.7 | 354.6 ano 
HS 300.1 | 290.8 | 250.6 2 
AME IEEE S 
399.6 | 317. i 
: M 330.02, 278:94| 251.91| 238-99 
Both Eyes , 
MC 2192 | 233.8 | 218.2 008 
BH 270.3 | 238.5 | 222.2 | 5038 
JK 253.3 | 231.1 | 218.8 203-5 
PK 286.2 | 266.1 | 260.1 n 
SL 259.4 | 229.2 | 207.8 17 
GM 294.0 | 265.3 | 234.2 [253:7 
AR 426.3 | 357.3 | 336.0 | 517.3 
HS 265.1 | 241.3 | 232.5 |2516 
IS 211.5 | 188.8 | 180.8 1115 
JV 297.8 | 260.3 | 238.8 2216 
M 281.31| 251.17| 234.94| 22^ 


given in Table 1. The RTs, averaged 
for all Os, as a function of intensity: 
are shown in Fig. 2A. The data Were 
then recast in terms of the average 

reciprocal of RT, according to E^ 
method suggested by Piéron (1952 
p. 354) and are shown in Fig. 2 
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The data from the pre 
that RT is a negative 
decreasing function of 
Intensity, Or, phrasec 
the reciprocal of RT incre 
increase in log intensity: í 
clusion is valid over the range © 
Photopic stimuli presented in this 
Study and for each of the viewing 
Conditions. 
„Binocular RTs wee 
Minant Ts which 
rtis than the gd 
Ominant eye RTs at all ien. 
vels. The overall increase 10 ^C. 
rom binocular to dominant eye is 
Spproximately 696, and to the m 
9minant eye is 10% ee p* 
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times and reciprocal reaction 
tion of intensity. 


which is highly significant. This 
means that, knowing the regression 
equation, one could accurately predict 
the average monocular RT from the 
binocular RT for any individual. 


TABLE 2 


ANALYSIS OF VARIANCE OF RECIPROCAL 
REACTION TIMES FOR 10 Os AT Four 
INTENSITY LEVELS AND WITH 
THREE VIEWING CONDITIONS 


Source of Variation df F 


Os 9 
Intensities (I) 2 253.049** 


Viewing conditions (V) 49.394*** 
Os XI 27 3.529** 
Os X V 18 4.100** 
IxXV 6 4.614** 
Os XIXV 54 
Within (MS) 1,080 (0.150) 
Total 1,199 
**p «01. 
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Brightness required to produce equal reaction times 


under the three viewing conditions. 


Table 2 gives the results of the 
triple-classification analysis of vari- 
ance. All main effects and double 
interactions are significant at p < .01. 
Although there is no proper test of the 
individual differences, the two double- 
interaction terms involving this vari- 
able can be pooled to test the O mean 
square, and the resulting F of 88.5 is, 
of course, highly significant. Inter- 
pretation of the nonsignificant triple 
interaction is that the interaction 
between two variables (for example, 
Os and Intensities) is not varying 
according to the values of the third 
variable (monocular or 


binocular 
Viewing condition). 


Figure 3 shows the brightnesses aa 
quired to produce the same RTs p E 
the three viewing conditions. "i 
curve was obtained by reading the um 
brightness at each viewing gendi. 
across each reciprocal RT from i 
curves of Fig. 2. The resulta" 
curves in Fig. 3 may be thought Pol 
as equal-brightness-effectiveness ho 
tours. These contours show that, A 
a visual stimulus to evoke the wn 
speed of reaction (equal latency); Lue 
light must be between .53 and .71 No 
unit higher on the brightness pun 
when presented to the dominant €Y 
than it is when presented to both ege 
At the lower intensities, the sd” 
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speed of reaction is evoked when the 
light is .85 log unit brighter, pre- 
sented to the nondominant eye, and 
at high intensities when the light is 
1.4 log units brighter, presented to the 
nondominant eye, than to both eyes. 
At the high brightnesses, the stimulus 
had to be .72 log unit brighter to 
evoke the same response in the non- 
dominant as in the dominant eye, 
while at the intermediate levels, the 
difference in equivalent brightness 
averaged .35 log unit. 

In order to obtain 
strength of the domin : 
O, the dominant V+ nondominant 
differences, averaged for an O over all 
i 1 d according to 
reciprocal RT. 
ntly cor- 
measures 


an index of the 
ant eye in each 


Intensities, were ranke 
the percent decrease in 
This index was subseque 
related with several other me 
taken prior to the actual experiment: 
binocular visual acuity: visual acuity 
differences between the dominant and 
the nondominant eyes; 25 well as ith 
binocular RT, and the age of O. None 
Of these correlations proved to be 
Statistically significant. 


a 


DiscussioN 
sent experim! 


tudies that 
s in- 


y ent 
r The data of the pres 
gree with those of previous st E 

varies inversely with stimu 


tensity. Although a comparison of the 
absolute amounts of RT found in the 
various researches is difficult due to the 
different, and sometimes unknown, con- 
ditions of previous works, some com- 
parisons can be made. 

There is a 25% decrease in RT from 
the overall average at 7.13 log uuL. to 
the average at 10.18 log uuL., which is 
comparable to that found by Woodrow 
(1915); while Steinman (1944) found an 
11.74% decrease from 6 to 9 log uuL. 
Bartlett and Macleod (1954) concluded 
that the curve was relatively flat be- 
tween 8 and 12 log apl. The present 
study shows that RT continues to 
decrease significantly from 8 to 10 log 
uuL. with no indication that it would not 
continue to decrease beyond the 10.18- 
log-uuL. level. This is the area where 
Steinman (1944) found an abrupt in- 
crease in RT for two Os. 

At the intensity levels used, summa- 
tion is clearly demonstrated. The per- 
cent decrease in binocular RTs as com- 
pared with the average monocular RTs 
ranges between 5% at the highest 
intensity and 12% at the lowest in- 
tensity. Using a 2-cp. light, Poffen- 
berger (1912) found an 8% decrease in 
binocular RTs vs. monocular RTs. As 
shown in Table 3 a light stimulus to both 
eyes had the same effect as one ranging 
between .69 and 1.07 log units brighter 
to one eye, depending on the luminance 


level. It should be noted that the 


TABLE 3 


iD NONDOM 


Moxo -BINOCULAR AN 
curaR-BINOC THE RANGE OF 


INANT- 
RECIPROC. 


DOMINANT DIFFERENCES IN LOG uul. 
AL REACTION TIMES 


= " 
Differences --—— 
Reci Differences Ratio Av M/B on- Doni Ratio N-D/D 
Pa UE aw Mono-Binoc 
n Time AvA TE 
E 1:042 
T3 1.008 ron 
3.6 69 1097 | 10 h 
3.7 70 11099 | 1037 
3.8 T 1,099 | 1-040 
3.9 | 76 | 1.096 | Ma 
“1 a att 1:060 
41 ‘82 tot | | 1.060 
HE 87 1.121 : | : 
4.3 1.07 
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absolute log-unit difference varies ac- 
cording to the intensity level. However, 
as previously stated with reference to 
RT, there is a constant relationship 
between average monocular and binocu- 
lar brightness equivalents. For the in- 
tensities of this study, the constant 
approximates 1.1. The log-unit differ- 
ences for equivalent RTs between the 
average monocular and binocular condi- 
tions are greater than could be expected 
even with complete summation. This 
indicates that the increase in brightness 
with binocular vision only partially 
explains the reductions in reaction time, 
Unlike the monocular-to-binocular ra- 
tios, the nondominant-to-dominant ratios 
of Table 3 are not constant and indicate 
that the differences between the non- 
dominant and the dominant eye as 
measured by reaction time are slightly 
reduced in the middle range of intensities, 
At any intensity level, these differences 
are considerable and imply that w 
only one eye is being used for obse 


tions, the factor of dominance 
important one. 


hen 
rva- 
is an 


Contrary to what might be expected, 
dominant eye visual acuity was superior 
to nondominant eye acuity in only four 
cases, the same in one, and in five cases 
acuity was superior in the nondominant 
eye. It is also interesting to note that 
binocular visual acuity was superior to 
that of the dominant eye in only six Os. 
Itis concluded that acuity is not a factor 
in determining the superiority of the 
binocular RT over monocular, or of the 
dominant eye RT over nondominant. 

The Os in this study are all right- 
handed. Clinicians have felt that in- 
dividuals with crossed dominance such as 
found in the four Os with left-eye domi- 
nance may be hampered in terms of the 
equilibrium of the most highly integrated 
functions, However, the RT means for 
these “‘left-eyed” Os were lower than the 
means for the "right-eyed" Os, although 
the differences were not statistically 
Significant. This sensitive 
Speed of response, 
been hampered by 
dominance, 


measure, 
has apparently not 
the factor of crossed 
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RELATIONSHIP BETWEEN WORD FREQUENCY AND 


RECOGNITION: PE 


RCEPTUAL PROCESS 


OR RESPONSE BIAS?! 


ROBERT B. ZAJONC 


University of Michigan 


Functions relating word frequen 
pseudo-recognition threshold were 
nance thresholds were obt 
with frequencies of 1, 2, 5, 10, an 
were obtained in the absence of sti 
Ss. Drive was manipul 
frequency, taking this į 
The comparison of the fı 
drive-frequency inter: 
emission on prior training with inc 
Strated that response bias plays 
recognition relationship when stin 
recognition criterion is employed, 


nteractior 
requency 


action, and t 


The relationship often 


found be- 
tween word fr 


equency and recognition 


threshold has recently been chal- 
lenged by Goldiamond and Hawkins 
(1958) and Havens 


and Foote (1963). 
awkins found that 
1" threshold, that 
d from data collected 
in the absence of stimuli, is, 
threshold obtained with conv 
procedures, a negative logarithmic 
function of the frequency of prior 
experience with the stimulus words. 
They argue that “if the previously 
reported frequency-recognition rela- 
tionship is now [in the absence of 
stimuli] obtaine 


Goldiamond and H 
“pseudo-recognitior 
is, one estimate 
like 
entional 


d, this relationship 
Cannot be ascribed to perception 
Lp. 458]" The findi 


ng was offered 
as "challenging a pe 


rceptual inter- 
Pretation of the word 


-frequency-rec- 


! This research w 


‘ as carried out when the 
major author was 


j a Fulbright scholar at the 
University of Amsterdam, Ne wishes to 


express gratitude to H, e Ts Duijker for 
kindly making available the facilities of the 


Psychological Laboratory of the University of 
Amsterdam, i a 


ained to 10 Turkish 


AND 
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University of Amsterdam 


cy 
cor 


to recognition threshold and to 
mpared for 24 Dutch Ss. Lini 
words previously shown 
d P'seudo-recognition thresholds 
muli for the same words and the same 


k it interacts with 
ated to determine whether it interacts wit 


a as an indication of response bias. 
threshold functions, the absence of a 
he decreasing dependence of response 
reasing stimulus information, demon- 
a negligible role in the frequency- 


nuli are present and when a stringent 


ognition relationship, where similar 
procedures are utilized [p. 462. ship 
is thus suggested that the ee E 
previously reported is an artifac ide 
response bias and essentially E rds 
pendent of the stimulus. W 9 35 
Which occur frequently in the languag 
are more often used as guesses iat 
infrequent words, There is, therefor h 
a greater likelihood for a mate” 
between .S's guess and the ped 
scopically exposed stimulus for dés 
quent than for infrequent ya code 
Since thresholds are commonly — 
ured by the ascending method y 
limits, and since these hugh frequen 
word responses are also likely to ar 
as guesses early in the sare E 
series, low thresholds to high- ds 
quency words are spuriously ipu ml 

But on the basis of their data a 
Goldiamond and Hawkins’ ped 
Sions are not entirely justified. aen 
as they seem to propose, that roc 
bias fully accounts for the relatio ü 
Ship, then the frequency-recoguitio" 
and the frequency-pseudo-recognitiO 
functions must be identical. Goldia’ 
mond and Hawkins estimated 
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relationship between frequency and 
threshold from data collected in the 
absence of stimuli and found it to be 
similar to that obtained in their 
presence, namely negative and log- 
arithmic. But they have not deter- 
mined whether it was, in fact, 
identical. . 

That the frequency-recognition and 
the frequency-pseudo-recognition func- 
tions are not identical is very likely. 
Take a word which occurs only once im 
a million. If the probability of emis- 
Sion of this word as a guess IS also one 
in a million,? then the expected mean 
Number of trials up to and including 
the first correct guess would be 
1,000,000 (Feller, 1950, P- 174). Ifwe 
begin the ascending series with a 10- 
msee, exposure and increase nee 
in steps of 10 msec., then the expectec 
Mean threshold would be 2 hr. 40 gv 
On the other hand, a word which, "d 
the purpose of argument, Mm e 
Probability of 3 would show a anf = 
Old of 20 msec. —too low in genera "X 
recognition to occur. Since pene 
recognition threshold ri: goa eet 
actual recognition threshold for € 
.'equency words and underestime a 
1t for high-frequency words, the, s 
quency-threshold functions obtain 


: ce o 
In the " z ] in the absen 4 
e presence and 1 
presence ¢ some point 


Stimuli will intersect at 59" rd fre- 
tween low and high we 
Quencies, 


The present stud Ives oar 
Parison of these two fui h tion 
attempt to examine the contribu the 
9f stimulus and response factor? ine 
relationship between word frequency 


y invo 


3ecogni- 

s recognition threshold. hee 
S 3 , itior 

9n and pscudo-recogn! cat of 


e 
Olds are obtained for the $a" 


» S ks. assumption is sup! 58) data. he 

ond and Hawkins sponsi 

senction relating frequency of ios 
9n to the frequency of tra 


a x igin near Zero- 
Pproaching 1.00 and an origin ne 


e 
- 
- 


words, differing in frequency, and for 
the same Ss. Also, a threshold meas- 
ure obtained in the presence of stimuli 
and requiring only one correct identi- 
fication is compared with a measure 
requiring three successive correct 
identifications. 

In a further independent and more 
indirect attempt to examine the role 
of response bias in the frequency- 
recognition relationship the S’s moti- 
vation was manipulated. There is 
impressive evidence consistent with 
the S-R drive theory (Spence, 1956) 
which indicates that when response 
tendencies are in competition an in- 
crease in drive facilitates responses 
governed by strong habits and impairs 
responses governed by weak ones 
(Spence, Farber, & McFann, 1956; 
Spence, Taylor, & Koetchel, 1956). 
Viewed as an artifact of response bias, 
the recognition situation involves 
competition of response tendencies 
varying in strength. When drive is 
increased the probability of high-fre- 
quency responses should increase and 
the probability of low-frequency re- 
sponses should decrease. Because of 
the alleged dependence of threshold on 
response probability the inverse effect 
should obtain for threshold. Such an 
interaction between motivation and 
frequency was recently obtained for 
recognition data by Glucksberg (1962). 
Thus, if response bias is a significant 
factor in the relationship between fre- 
quency and threshold, we will find 
that drive interacts with frequency, 
and if it is not a significant factor no 
such interaction will obtain. 


METHOD 


s—The Ss were 24 Dutch male 
university students recruited from the Student 
Baby-Sitter Service in Amsterdam. They 
were paid 5.00 Dutch guilders for participa- 


jon i <periment. 
tion in the expe t qui 
Stimulus words.—lhe stimuli were 24 


Turkish words taken from a study by Solomon 


Subject. 
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and Postman (1952). Asin their experiment, 
10 of these were core words, divided into five 
frequency classes (1, 2, 5, 10, and 25) of two 
words each. To counterbalance possible 
differences in intelligibility each core word 
was used in every frequency class at least 
twice for different Ss. Fourteen stimuli 
were filler words, each presented once during 
training. 

Training procedure—The core and filler 
words were typed in upper-case letters in the 
center of 4 X 6 in. white cards. For each .S 
à deck of 100 cards was made up, 
of 50 cards for the two 25-frequen 
20 cards for the two 10-frequency w 
and one card each for the 14 filler w. 
training instructions 
similar to those of S, 
(1952), emphasizing th 
with the learning 
foreign words. The cards, taken o 


consisting 


ne by one 
from the previously shuffled deck, were shown 
to S with E reading the Word upon its 
presentation. The § w 


as asked to look care- 
fully at the word and to Pronounce it after E, 


After training § Was asked to read a 
passage from Taal en Psychologisch Werkelijk- 
heid (Duijker, 1946), This interpolated 
activity took approximately 5 min. 

Recognition and bseudo-recognition proce- 
dure.—The 10 core words were reproduced on 
2X2 in transparent slides, They were 
Projected on a 3 X 3 ft. milk-glass screen by 
a 100-w. projector, equipped with a timing 
shutter and a device for controlling luminance 
level. A mounting enclosing two ovi 
Polaroid discs was affixed directly in front of 
the lens. One of the discs was stationary, 
while the other could be rotated in steps of .5° 
over an angular-displacement range of 0° to 
lamberts corre- 
sponding to the angular settings were found 
by measuring luminance at S's side of the 


Prior to the assessmi 
Were given four practic 
LERAAR, UNIVERSITEIT, PROFESOOR) in in- 
creasing luminance steps up to full recogni- 
tion. Following practice, for each core-word 
luminance threshold as well as pseudo- 
recognition threshold were determined, For 

us purpose the series was divided into foür 
trial blocks, each consisting of 100 presenta- 
tions. On each trial block the 10 core words 


ent of thresholds Ss 
e words (AMSTERDAM, 


were each shown five successive times in 
increasing luminance steps of —.10 log ft-L 
and for gg sec. The ascending series began 
with an exposure of —1.82 log ft-L Among 
the luminance-threshold trials were fando 
interspersed an equal number of een 
recognition trials, on which a blank slide wW M 
projected at dy sec. exposure and sage 
steps above the minimal luminance evel: 
Before each presentation a verbal warning 
Was given. 

` For dh S a score sheet was Luar: 
consisting of four parts, one for eaeh TUM 
block. Each part contained 20 columns Ke : 
five roy Each core word headed 2 of the 
columns. For 1 of the 2 columns the oie 
constituted ascending luminance levels of the 
core word, and for the other, repeated ar 
stant luminance presentations of the blank 
slide. The positions of the words ss 
randomized among the columns, indepen d 
ently for each trial block and for each S. The 
five rows in each column constituted UM 
creasing luminance levels for stimuli € y 
shown and repeated trials for blanks. I d 
session began by Æ showing the slide calle 
for by the first column five times, either in 
increasing luminance steps for stimulus slides, 
or at the same low luminance for blansa 
After the five presentations, luminance leve 
was reset to the minimal level, and the slide 
called for by the second column was shown 
five times in succession, and so on. This 
procedure was repeated in each trial block, 
except that in the case of stimulus slides, the 
presentations began with 


just above the last exposu 
trial block. The Ss were instructed to report 
the words shown and to guess when nothing 
or very little could be seen, All responses were 
recorded literally. No feedback as to emma 
the response was correct, or any other form 0 

reinforcement, was given. 

Three measures were obtained: the number 
of trials up to and including the first response 
Which was congruent with the score sheet ir 
blanks (SA measure); the number of trials © 
increasing luminance steps up to and including 
the first response congruent with the Nor. 
actually presented (SP); and the number o 
trials up to and including the first response 
congruent with the word presented when that 
response was immediately folloved by at 
least two consecutive congruent responses 
(SP). A response was considered congruent 
When it had at least five letters and at least 
one entire syllable in common with the core 
Word. For the SA and SP, measures, when 
no congruent responses occurred within 20 
Presentations, S was arbitrarily assigned 9 


a luminance level 
re of the preceding 
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score of 21. For the SPs measure an arbitrary 
score of 21 was assigned when either no 
congruent responses occurred, or when the 
congruent response occurred on the nineteenth 
or the twenticth trial. i 

Manipulation of motivation — Twelve Ss 
served in the low- and 12 in the high-drive 
Eroup. Motivational level was manipulated 
following the training session. To the in- 
Structions of the high-drive group Was added 
the emphasis that it was important to per- 
orm well. [t was further announced that the 
S with the lowest average overall threshold 
will receive a 30.00-guilder prize, and that the 
top 25% of the remaining 5s will each receive 
a 5.00-guilder prize. The prizes olfered as 
incentive were awarded after the completion 
of the entire experiment. 


r2 
N 


20 


Trials to recognition 


Fic. 1. Mean trials to recog 
trials 


Training frequency 


nition (SP 
lo recogni! 


N 
2 


RESULTS 

Comparison of the frequency-thresh- 
old functions in the presence and ab- 
sence of stimuli.—Figure 1 shows 
recognition thresholds for the SP, and 
the SP; measures and the pseudo- 
recognition thresholds for the SA 
measure. lt is quite clear that all 
measures vary as a function of fre- 
quency. The effect of frequency is 
significant at the .001 level, F (4, 92) 
— 56.67. Taken separately, all meas- 
ures have significant slopes. The 
effect of frequency on the SA, SPi, and 


25 
5 10 


and SPs measures) and mean 
1a 


ition (SA measure). 
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SP, measures showed F ratios of 47.20, 
35.16, and 19.28, respectively, all 
significant at the .001 level (dj 
= 4/88). It is also clear that the 
functions of the SPs and the SA meas- 
ures intersect as expected. The F XM 
interaction (Frequency X Measures) 
reached an acceptable level of signifi- 
cance with F (8,184) = 11.73. The 
results further show that the overall 
threshold obtained by means of the 
SP, measure is significantly lower than 
that measured by either the SP; or the 
SA measure, F (2, 46) = 68.56. 

We note from Fig. 1 that the SA and 
the SP, functions (obtained by the 
least-squares method) converge at 
high frequencies and that the SP; and 
SP; functions converge at low fre- 
quencies. Let us consider the high 
frequencies first. High-frequency re- 
sponses occur often and early in 
the recognition series, Consequently, 
when only one correct identification is 
used as the threshold criterion (SP) 
the probability of a spurious recogni- 
tion is rather high. The convergence 
of the SP; and the SA functions in- 
dicates that at that point the SP, 
measure probably reflects pure re- 
sponse bias. In terms of a response- 
bias interpretation of the results, the 
relatively high threshold of the SPs 
measure observed for hig 
words may be taken sim 
due to the requirement of three con- 
secutive identifications, Such a strin- 
gent criterion lowers the probability 
of correct chance guesses and thresh- 
old is increased. But if this were the 
case then the slope of the SP; function 
would have to be greater than that of 
either the SP, or the SPs functions: 
Moreover, if we assume that the Sp, 
threshold for the highest frequency 
(3.8) reflects only the probability of 


h-frequency 
ply as being 


*Given pa > Po, 
where 5, 


then pa/p < py bi, 


and p, are Probability values, 


ROBERT B. ZAJONC AND B. NIEUWENHUYSE 


the corresponding responses, nans 
1, then the probability of thea "pd 
secutive congrucnt responses » ou ie h- 
gs, and the expected mean SPs thres à 
Siue The mean SP3 
old would equal 64. The mea lá 
threshold for the highest sage agro 
however, is only 9.1. lhe Te 
SP; threshold at high besqueneies 
must therefore be duc to an increasec 
role of the stimulus factor. bus 

For low-frequency words the pro el 
bility of a correct chance f 
is so low (1/100) that we must — 
the SP, threshold, which at that arn 
is significantly lower than the a 
average, as also due to a d : 
effect. Since the difference in ae 
probabilities of one correct ioc 
identification and three heap m 
correct identifications is so vast (1/ is 4 
and 1/1,00,000) and since we obser Va 
virtually no difference. between iim 
SP, and the SP, thresholds to iiu 
frequency words, the conclusion p 
at low frequencies both the S : 
and the SP, measures reflect the 
influence. of perceptual processes !9 
strengthened. 

The difference. between the func- 
tions obtained in the absence and 1” 
the presence of stimuli would have 
been considerably greater were it y 
necessary to restrict the series to 7! 
trials and. thus to employ the arbi- 
trary criterion of 21 when Ss faile¢ 
to give a congruent response befort 
the end of the series. The assignme! 
of arbitrary scores was necessary 
primarily for the SA measure. Th 
data of the SP, measure include onlY 
3% and of the SP; measure only 5 e 
of arbitrary scores. However, as Ï 
the Goldiamond-Hawkins study, = 
Proportion of arbitrary scores in t = 
SA data was quite large. Moreove i 
as in their study, it decreased wit 
increasing training frequency. Ti 
for words of frequency of 1 there ie 
8576 arbitrary scores, and for wor 
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find that motivation interacts with 
training frequency. However, if re- 
. . n 
sponse emission depends on perceptual 


of frequency of 25, 10%. If the 
recognition trials extended over sev- 
eral hundred trials, the SA function 


would show a considerably steeper 
slope than the one observed in the 
Present or in the Goldiamond-Hawkins 
studies, while the SP and the SP; 
data would remain virtually the same. 


Effect of motivation On response 
emission. —The recognition situation 
of response 


involves the competition 
d in training. Ac- 
nce previously 
are in competi- 
highly trained 


tendencies acquire 
cording to the evide 
Cited, when responses 
tion, the probability of 
responses increases with increased mo- 
tivation, and the probability of those 
less trained decreases. TO the extent 
that response evocation in the recognt- 
tion series depends not on the stimuli 
Presented but on the strength of the 
habits underlying them, We should 


sT! 
i kll 
Triol block | Trial bloc 


o 
o o 
T 


Trial block ! 


o 
o 


Percent of responses 


70 


25 12 5 
rcentage 
in the ab 


10 
Fic, 2. Average PC. 
emitted 


MULUS ABSENT 


2512 5 


of responses 
sence and pr 


processes and is independent of the 
strength of those habits, such an 
interaction should not be found. We 
shall first consider the effects of mo- 
tivation on response emission, ignor- 
ing for the moment whether these re- 
sponses represent correct recognition 
or pseudo recognition. 

. Figure 2 shows the effects of mo- 
tivation on the probability of re- 
sponses emitted during the recognition 
series. We first note for the SA condi- 
tion that previous training did in fact 
result in a differential probability 
of response emission. The effect of 
training frequency was significant at 
the .001 level (sce Table 1). Asin the 
Goldiamond-Hawkins experiment, the 
response proportions correspond very 


Trial block III Trial block IV 


PRESENT 


Trial block III Trial block IV 


@—HIGH DRIVE 
lo---oLOW DRIVE 


2512 5 10 
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of different frequency classes 


esence of stimuli, 
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TABLE 1 


ANALYSIS OF VARIANCE OF TE 


AVERAGE PERCENT: 


E or RESPONSES EMITTED 


IN THE ABSE AND PRESE) m 
ii Stimulus Absent | Stimulus Present 
Source df = > 
MS F MS 
Drive (D) 1 51.35 1.86 7.01 <1.00 
Error (b) 22 27.55 28.78 348* 
Trial blocks (T) 3 8.11 «1.00 86.38 3 pere 
Frequency (F) * 8,802.47 158.83*** 3,940.85 n 
DXT 3 2.46 <1.00 3.38 S 
DXF 4 282.85 5.10*** 74.44 em 
EXT 12 41.79 <1.00 65.58 ana 
DXEXT 12 16.06 <1.00 530.96 19.2 
Error (w) 418 55.42 27.11 
* f «.05. 
=p S Ol. 
ED < 001. 


closely to the training frequency. Out 
of the 100 presentations in training 
two words each occurred once, twice, 
5 times, 10 times, and 25 times. The 
proportions of these five classes of 
words are therefore -02, .04, .10, .20, 
and .50, respectively. The corre- 
sponding proportions of responses 
emitted by Ss in the SA condition for 
both drive groups combined were 019, 
051, .119, .244, and .495. The linear 
function fitted by the least-squares 
method was equal to 1.09% — .002. 
The differential probability of re- 
sponse emission is maintained through- 
out the entire recognition session, as 
shown by the nonsignificant F XT 
interaction, Moreover, we do find 
that there is a significant interaction 
between drive level and training fre- 
quency. As expected, with increased 
motivation highly trained responses 
increase in probability of emission and 
responses governed by weak habits 
(frequencies of 1 and 2) decrease. 
The analysis of variánce (Table 1) 
further shows that this D X F inter- 
action is maintained throughout the 
recognition series, as seen from the 
nonsignificant interaction between 


motivation (D), frequency (F), and 
trial blocks (T). 

With the stimuli present a some- 
what different picture emerges. The 
effect of previous training is now 
considerably weaker. We note that 
the weakening of the training effect is 
progressive over trial blocks. On the 
first trial block the curve is rather 
steep, but on each successive trial 
block the slope is reduced. This effect 
is demonstrated by the significant 
F X T interaction. Since during the 
first trial block the stimulus is not yet 
visible, the situation here is analogous 
to the stimulus-absent condition, thus 
allowing response bias to operate 
freely. We note that the results on 
the first trial block are identical to 
those found throughout all the trial 
blocks of the stimulus-absent condi- 
tion. Thus, the increasing accessi- 
bility of the stimulus nullifies the 
effect of previous training on response 
emission. As stimulus information in- 
creases, responses become increasingly 
more dependent upon a perceptual 
process. If we were to continue the 
recognition series further, the re- 
Sponse-emission curves would even- 
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tually show a slope of zero. The origin 
of these curves would be 20%, since 
each of the five frequency classes 
occurs in the recognition series equally 
often. 

The D x F interaction shows a 
While still signifi- 
cant, it is considerably weaker than in 
the stimulus-absent condition. Also, 
the D x F interaction decreases over 
trial blocks, further showing a reduced 
dependence of responses on previously 
acquired habits. This effect is in- 
dicated by the significant DxFXxT 
Interaction. 

Effect of moti 
threshold.—The cffe 
on the two recognition 
on the pseudo-recog 
iin Fig. 3. 
esponse 
e with 


Similar pattern. 


vation on recognition 
cts of motivation 
threshold 
Measures and ni- 
tion threshold are show! 
Since the effect of drive On " 
emission was found to decreas 
Increasing role of the stimulus factor, 
and since threshold depends on re- 
Sponse emission, similar effects should 
Obtain for threshold. We note from 
"ig. 3 that the SÀ functions of the 
high- and low-drive groups intersect, 
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that the corresponding SP, functions 
converge, and that the two SP; func- 
tions are parallel. It was pointed out 
above that both stimulus and response 
factors are probably involved in the 
SP, measure. On the other hand, the 
relatively high threshold for high fre- 
quencies found for the SP; measure, 
together with its shallow slope, were 
taken to indicate that in the SP; data 
the response factor must be negligible. 
Since we consider the presence of 
drive-frequency interaction as another 
independent means of detecting the 
presence of response bias, the differ- 
ence in this interaction between the 
SP, and the SP, measures is of par- 
ticular importance. The D xF in- 
teraction for the SP, measure showed 
F (4, 88) = 6.32, significant at the 
.001 level, and for the SP; measure 
F (4,88) = -19. The difference in 
the drive-frequency interaction be- 


tween the SP; and SP; measures can 


also be seen f 


fitted linear 


drive and low-drive 


SP, measure are 


rom the slopes of the 
functions. Since the high- 
functions of the 
practically parallel, 
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the likelihood of response bias in this 
measure is rather small. This finding 
taken together with the significant 
slope of the SP; function suggests 
that when threshold is assessed by the 
ascending method of limits and when 
three successive correct identifications 
are taken as the recognition criterion, 
the measure is relatively free from 
response bias. It is also seen from 
Fig. 3 that the overall threshold level 
for the SP; measure is somewhat 
higher under increased motivation, 
but this result was not significant, 
showing F (1, 22) = 1.05, 

One apparent inconsistency of the 
results should be noted. It was 
argued that at high frequencies the 
SP, measure probably reflects pure 
response bias and at low frequencies 
a perceptual process. Th us, the effect 
of drive manipulation on the SP, 
measure should manifest itself pri- 
marily at high frequencies. That is, 
the high- and low-drive SP, curves 
should converge at low and diverge at 
high frequencies. The opposite, how- 
ever, is the case. It must be pointed 
out that we are dealing here with two 
groups of different Ss, and that the 
overall recognition performance as 
measured by SP; was consistently 
inferior in the high-drive group. This 
difference reflects in all probability a 
sampling difference rather than an 
effect of drive. If this difference be- 
tween groups in the absolute SP, 
recognition level is taken into account 
—that is, if the overall threshold 
difference found between the high- 
and low-drive groups is either sub- 
tracted from the high-drive function 
of the SP, measure or added to the 
low-drive function of the SP 
—the apparent 
appears. 


1 Measure 
Inconsistency dis- 
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The comparison of slopes of the 


three 
measures, the examination of resp 


onse- 
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emission data, and the effects of drive 
manipulation, all gave strong indications 
that the role of response bias in the 
frequency-recognition relationship has 
been overestimated by studies using 
pseudo-recognition procedures. Con- 
sider the following argument. Suppose 
that prior perceptual experience has no 
effect on threshold. Then the SP; meas- 
ure would, like the SA measure, represent 
response bias alone. But since the iue 
of the former measure is about $ o 
the latter, we must conclude that the 
presence of the stimulus in the recogni 
tion series reduced the influence o 
response bias by about 3. i 

The results of manipulating motiva- 
tion showed that the SP; measure is very 
likely free of response bias, and that A 
probably reflects a stimulus or perceptua 
factor alone, while the SP; measure 
involves both factors. If this conclusion 
is correct, then the relative role of the 
response factor in the SP; measure may 
be estimated somewhat differently. We 
have: 


Stimulus factor alone (SP3): 


15.78 — 4.21x. 
Response and stimulus factors 
together (SP): 14.27 — 6.79x. 


Therefore, response factor in the SP1 
measure is equal to 


(14.27 — 6.79x) — (15.78 — 4.21x) 
= — 1.51 — 2.58%. 


Comparing the estimated response factor 
in the SP, measure (—2.58x) with that 
observed for the SA measure (— 10.49x), 
we note that the response factor loses 
almost į of its effect when stimuli are 
present. Thus, the most conservative 
assumption leads us to conclude that the 
presence of the stimulus reduces the 
effect of response bias on the frequency- 
recognition slope by 2, and the least 
conservative assumption that it reduces 
it by 4. Necessarily, the introduction 
of a stringent recognition criterion re- 
duces it further. 

The failure to obtain a drive-frequency 
interaction for the SP; measure makes 
the Presence of a response bias unlikely 
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with response bias controlled, requi 

cither a threshold method i mS Men paie 
response effects (such a e S 
choice technique), or a design ph a 
prior. perceptual experience and pos 
training of response tendencies are ed 
ulated independently of one ied 
Both experiments are now in ee m 


REFERENCES 


)UIJKER 
1 panem, H. C. J. Taal en psychologisch 
wer elijkheid. Amsterdam: N. V. Noord 
r Ned. Uitg. Mij., 1946. Se 
TELLER, W. An introduction to p babili 
theory and its applications New a 
Bae, Ost, 127 ons. New York: 
GLUCKSBERG, 
of drive on 
perceptual recognition. 
1962, 63, 36-41. 
GOLDIAMOND, l., & HAWKINS. W.F. i 
1 mE 4 ns, W. F. Vexier- 
versuch: The log relationship heres 
word-frequency and recognition obtained 
in the absence of stimulus words. J. exp 
hol., 1958, 86, 457-463. id 
(be bs & Foote, W. E. The effect 
tition on visual duration threshold 
dence of stimulus frequency. 
, 1963, 65, 6-11. 
& PostMAN, L. Frequency 
determinant of recognition 
J. exp. Psychol., 1952, 


S. The influence of strength 
functional fixedness and 
J. exp. Psychol., 


of compe! 
and its indepen 
J. exp. Psychol. 
SoLowox, R. Tov, 
of usage as à 
threshold for words. 


43, 195-210. 

Spence, K. W- Behavior theory and condi- 
tioning. New Haven: Yale Univer. Press 
1956. i 

SPENCE, K. W., FARBER, I. E., & McFANN 
H.H. The relation of anxiety (drive) level 
to performance in competitional and non- 
competitional paired-associates learning. 


J. exp. Psychol., 1956, 52, 296-305. 
W., TAYLOR, J., & KETCHEL, R. 
Anxiety (drive) level and degree of com- 
petition in paired-associates learning. J. 
exp. Psychol., 1956, 52, 306-310. 


(Received May 13, 1963) 


Spence, K. 


Experimental Psychology 
eats Te No Se dde don 
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Effects of 2 conditions of practice 
were compared. 1 
sequence and other items were 
L 
were presented as a training seque; 
the massed and distributed trials 
of the list (n — 30). 
in the massed condition. 
theory of paired-associ 
reinforcement theory, 
process, 


re 


The f 
ate learnin 
» at least as 


Consider two situations in which a 
paired-associate stimulus and its re- 
sponse are presented on 
tion trials. Ordinarily, t 
are separated by the pre 
number of different items which S is 
learning in the same list. Now sup- 
pose that the item js presented once 
and then presented again immediately, 
or after just one other item has been 
presented. These two conditions can 
be described, respectively, as dis- 
tributed and massed repetitions of an 
individual paired-associate item, 

The question to be examined in this 
paper has to do with what happens on 
the repetitions of an item when these 
are massed. We know that if a 
stimulus-response pair is presented, 
and then a test trial is given immedi- 
ately or shorily afterward, S will very 
likely give the correct response (Mur- 
dock, 1963; Peterson, Saltzman, Hill- 
ner, & Land, 1962; Tulving & Ar- 
buckle, 1963). The question to be 
raised here is what effect massed 
repetitions have on S's ability to give 
the correct response on later trials. 


two anticipa- 
wo such trials 
sentation of a 


1 This res 
GB-319 fro 
dation, 


earch was supported by Grant 
m the National Science Foun- 


Repetitions of some items 
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University 


on individual paired-associate items 
were distributed in the 
ated on nearly successive trials. 
assed and distributed repetitions 
of 24 and 36) and (b) when 
re given throughout the learning 
occurred in the distributed than 
finding argues for a discrimination 
E as opposed to a contiguity or a 
regards the associative or hook-up 


epe; 


nce (n's c 
we 


In other words, if repetitions of mn 
item are massed, how much learning 
takes place? 

In the first experiment to be TE 
ported, there were three anticipato" 
training trials for cach item of a list Pn 
paired associates, For one-half of the 
items the three training presentations 
were massed; for the other items the 
training presentations were distrib- 
uted. Then all the items were 
Presented in a list to be learned to 
criterion by the standard anticipation 
method ; these trials were treated as 4 
test series, and S’s performance on the 
two sets of items during the test trials 
was compared. 

In the second experiment, a list wel 
used in which some items were pre 
sented in pairs of massed Warp 
and other items were presented in the 
usual distributed fashion, with these 
conditions applying throughout the 
learning of the list. d 

Different theoretical attitudes lea 
to differing expectations about the 
relative effectiveness of massed repeti- 
tions. In particular, from a cont! 
guity or a reinforcement position, on 
would expect massed repetitions to be 
at least as effective as distribute 
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repetitions. However, from a dis- 
crimination or differentiation. view, 
the distributed repetitions should be 
expected to have more effect. 
First, suppose that contiguity be- 
tween the stimulus and correct re- 
Sponse provides the occasion for 
learning, The last event on every 
trial is the presentation of the correct 
con this is true whether repeti- 
Bur pum massed or distributed. How- 
Ales. if repetitions are massed, then S 
tig gives the correct response COn- 
&uously with the stimulus on 2 large 
Lotion of the trials. Thus there 
c uld be at least as much learning on 
rà Ssed repetitions as On distributed 
petitions. 
ham suppose _that 
to S p by E'sgiving re 
gai or making correct 
Sena! the high frequency 
trial nses when tests follow 
gi als closely would be expected to 
Rt an advantage to items receiving 
assed repetitions so that they would 
aries faster than items receiving 
O touted repetitions. 
i Po a different expec 
Je takes the view ti i. 
em RE learning is primarily a pe : 
been 1 intralist discrimination, Pan 
he suggested by Gibson (1 
lige (1957, 1958), and Murdoc 
Dro "à According to this view, 
the et for the learner 1$ not so moe 
r ae up of response strel E 
edu 1e correct response as it 1s € 
Or ction of generalization tendencie 
“OT wrong responses. When an item 
Presented immediately following 1t- 
zation can be assumed that regen 
d ke tendencies which yon La 
F b are minimal at tha a à 
Heth aan the presentation Poop in 
furth can have little or nO © s 
Ou d. reducing generalization’ en 
relati make the repetitions of an item 
"tively ineffective when the repett 
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tions followed one another c 2 
Putting this in ea eo coy un 
with massed repetitions keen die 

: presentations 
of an item tend to follow other pres- 
entations of the same item. With the 
same number of distributed presenta- 
tions, presentations of an item tend to 
follow presentations of different items 
The latter condition should be mare 
eflective as regards discrimination of 
the item from others in the list. 

The task used in the present experi- 
ments was one in which no response 
learning or response differentiation 
should have been necessary. There- 
fore, these experiments have to do 
with the relative importance of con- 
tiguity or reinforcement vs. discrimi- 
nation in the associative or response 
hook-up process in paired-associate 
learning. 

EXPERIMENT I 
Method 


Subjects and design.—The Ss were students 

in introductory psychology. One group of 24 
Ss received à 12-item test list containing 6 
items that had received distributed repetitions 
and 6 items that had received massed repeti- 
tions during a training series. Then a group 
ived a 6-item test list containing 


of 36 Ss rece! x se 
3 items that had received training under each 


of the two conditions. 
Materials and procedure.—The stimuli 


BATH, BREAD, COLD, DARK, EARTH, 


were: 

FRUIT, HARD, HOUSE, JOY, SHEEP, SLOW, STEM, 

KING, LONG, THIEF, and WISH. The last four 
item condition. The 


were not used in the six- i 
lected from those in the Min- 


stimuli were 5e 
nesota norms Russell & Jenkins, 1954). The 
number and frequency of associative responses 
which appear for more than one of the 
selected stimuli were kept as small as possible. 
ee 

2 An analogous 
strength is at least s 
possible. If one say: 


argument about response 
trained and perhaps im- 
s that the momentary 


response strength following a presentation is 
at maximum, then of course dt cannot be 
increased further by an immediate repetition 

But then it is difficult to see why 
Jd not always be learned with just 
one pres - or. failing this, why learning 
would ever oC 
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In the 12-item condition, the responses 
were the digits 1, 2, 3, and 4. In the 6-item 
condition, the responses were the digits 1 and 
2. Fewer responses than stimuli were used in 
order to minimize S's opportunities to im- 
prove his performance on one item by 
eliminating responses which were paired with 
other items. : 

The stimulus words were typed on index 
cards and were viewed by S through a 
rectangular hole cut in a Masonite shield. 
The Ss were instructed to give one of the 
responses on every trial. On each trial, the 
stimulus was in view for 3-4 sec. During this 
time S pronounced the word and gave his 
response, and E informed S of the correct 
response by saying, '' is correct." About 
2 sec. elapsed between trials, while E selected 

the next stimulus. Trials were presented 
without interruption throughout the session. 

Arrangement of lists.—The main part of the 
training series consisted of a number of trials 
in which each of the experimental items was 
presented on three anticipation trials. The 
three repetitions of each massed item occurred 
on successive trials or with one presentation of 
another item between successive repetitions. 
The three repetitions of the distributed items 
were spaced out through the whole series of 
training trials. At least four different items 
were presented between successive repetitions 
of a given distributed item? The average 
number of item presentations separating the 
repetitions of distributed items was 15.08 in 
the 12-item condition, and 8.83 in the 6-item 
condition. The average number of item 
presentations separating the repetitions of 
massed items was 0.25. 

In addition to the experimental items 
which were presented in the above-described 
fashion, extra items were used to provide 
warm-up trials, to aid in satisfying the spacing 
requirements among the training presenta- 
tions of the experimental items, and to provide 
a small number of “buffer” trials between the 
training trials and the test series. In the 
12-item condition, there were 4 extra items. 
These were used on 12 warm-up trials at the 
beginning of the session, 12 trials inserted 
among the training presentations of the ex- 
perimental items to aid in spacing, and 4 
trials at the end of the training series and 
before the test trials. In the 6-item condition, 
3 extra items were used to provide 9 warm-up 


* Due to an oversight in constructing the 
schedules for the 12-item condition, one of the 
distributed items in one of the four schedules 
Teceived its second and third training pres- 
entations separated by just one item. 
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trials and 9 trials inserted among the experi- 
mental training presentations. There were 
item presentations between the training 
series and the test trials, including 3 extra 
items which had not been used previously. 

Four different training schedules = 
constructed for the 12-item conditions, an 
six schedules were constructed for the big 
condition. Schedules were balanced so uae 
massed and distributed items occurred abou 
equally often in the different serial po: ie 
of the training series. For each condition, En 
schedules constituted the experimental treat- 
ments in a randomized block design with Ss 
replications. A different random assignment 
of stimulus words as massed, distributed, ane 
extra items was obtained for each block of 5s. 
A different random assignment of respons S 
to stimuli was obtained for each S, with p 
restriction. that each response occurred a 
least once and not more than twice for the oe 
of massed items and for the set of distributec 
items. 


Following the training sequence, the E 
perimental items were presented in randomly 
permuted cycles, obtained for each 5, Te 
stricted so that repetitions of the same rem 
were separated by at least two item presenta- 
tions in the 12-item condition and by at east 
one item presentation in the 6-item condition. 
These trials were continued until S gave only 
correct responses on three successive cycles o 
the 12-item list or five successive cycles of the 
6-item list. 


Results 


A summary of the data from Exp. 1 
is given in Table 1. Note that in the 
first column, there were more correct 
responses on the second and third 
training presentations for the massed 
than for the distributed items. This 
simply indicates that the spacing O 
repetitions was successful in producing 
differences in the frequency of errors: 

The figures in the second column 
are the proportions of items for which 
there were no errors on the test trials 
during which S was learning the list 
to criterion. There were more dis- 
tributed items than massed items 0” 
which there was perfect performance 
after training. This is consistent with 
a conclusion that more learning took 
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TABLE 1 
Data FROM Exp. I 
Proportions of Koss Mean N 
"Erect "ar E inate om 
Cond. Responses on Errors after Test Trials 
Training Trials First Training | ©*cluding Items 
2and 3 Trial with Zero 
errors 
12 Items 
Distributed 465 AT2 201 2.86 
Massed 924 1340 .319 2.15 
0% confidence interval for. 
difference: distribut xd minus, 
in MN | aso ae 068| .132 + .083 [-.118 + 076) 0.11 40.39 
6 Items 
Distributed 704 S74 A07 2.32 
Massed ‘931 45 308 2.64 
y confidence interval , for 
ifference: distribute inus 
difference: distributed minus| 5, .157| -120 = 092 | 00? + 412} —0.32 = 0.57 
frequency of correct responses on 
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prese 
ed set, 


those presentations would result in a 
higher proportion of massed than dis- 
tributed items with perfect perform- 
ance after the first presentation. The 
lack of à difference between the 
proportions in the 6-item condition, 
then, is consistent with a conclusion 
that no learning occurred on the 
second and third massed repetitions 
in the 6-item condition. In the 12- 
item condition, there is evidence that 
some learning did take place on the 
second and third massed repetitions; 
of course, this does not detract from 
the main finding that the distributed 
repetitions had more effect than. the 
massed repetitions 1n both conditions. 

The final result reported in Table 1 
involves only those items for which 
there was at least one error during 
the test series; the result is relevant 
to the all-or-none hypothesis. Sup- 
ose that the items in this situation 
were learned in an all-or-none fashion. 
rue, then the appropriate 
f the difference between 

distributed repetitions 


when repetitions 
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The alternative to this would be to 
conclude that the increments in re- 
sponse strength produced by the 
massed repetitions were smaller than 
when repetitions were distributed. In 
other words, the all-or-none hy- 
pothesis leads one to talk about the 
number of learned items; the incre- 
mental-strength hypothesis leads one 
to talk about the amount of learning 
on each item. 

Now, according to the all-or-none 
hypothesis, if there is an error on any 
item, we know that that item has not 
yet been learned. It is assumed that 
all unlearned items are equivalent. 
Thus, if we calculate the mean number 
of errors on those items for which 
there were one or more errors in the 
test series, we should find no difference 
between the items which received 
massed and distributed repetitions in 
training. 

However, according to the incre- 
mental-strength hypothesis, the dis- 
tributed items received larger incre- 
ments of strength during the training. 
Therefore, the distributed items which 
are below threshold (and hence have 
one or more errors) should be closer 
to threshold than the massed items 
which are below threshold. As a 
result, the analytic technique of re- 
moving the items with no errors 
Should not be expected to produce 
equivalent sets of items. The mean 
number of errors in the test series 
Should still be smaller for the dis- 
tributed items than for the massed 
items, even when the items with no 
errors are left out of the calculation. 

In order to avoid S-selection biases 
in calculating the means for the num- 
ber of errors per imperfect item, a 
Score was obtained for each S. The 
number of errors made on distributed 
items in the test series was divided by 
the number of distributed items with 
at least one error. Similarly, the 


GREENO 


number of errors made on massed 
items in the test series was divided by 
the number of massed items with at 
least one error. lf an S made zero 
errors either on all of the distributed 
items or on all of the massed items, 
that S was excluded from the analysis. 
The means reported in the last column 
of Table 1 are based on 22 Ss from the 
12-item condition and 20 Ss from the 
6-item condition. The lack of sub- 
stantial difference between the means 
is consistent with the conclusion that 
at the beginning of the test series, 
unlearned distributed items were not 
closer to threshold than unlearned 
massed items. This conclusion, 1M 
turn, is consistent with the all-or-none 
hypothesis. | 
The intervals in the third and sixth 
rows of Table 1 are to be interpreted 
as estimated bounds on the differences 
between the distributed and massed 
items. For each interval, we can be 
90% confident that the true difference 
between the distributed and massed 
items is somewhere in the interval. 
The estimates of o? used to estimate 
the confidence intervals in the first 
three columns were the residual mean- 
square terms of the analyses of vari- 
ance for randomized blocks. The 
scores which were used in these 
analyses were the difference scores 
obtained for the individual Ss. Since 
some of the Ss did not contribute 
scores to the means in the fourth 
column, an analysis of variance © 
these scores which took schedules an 
blocks into account would be very 
cumbersome. Therefore, the esti- 
mated values of o? for the confidence 
intervals in Column 4 were obtaine' 
by treating the difference scores for 55 
as independent measurements; that 15) 
blocks and schedules were ignored. 
The main finding of Exp. I, then; 
is that more items were learned when 
repetitions in training were distributed 


Eus» 


DISTRIBUTION OF 


than when they were massed. How- 
ever, part of the difference could have 
been due to differences involved in the 
order of presenting the items. First, 
consider the repetitions of a distrib- 
uted item during the training series. 
One of these presentations occurred 
during cach one-third of the training 
series; therefore, each of the dis- 
tributed items was presented once 
during the last one-third of the train- 
ing sequence. Now, compare this 
with the massed items. Each massed 
item received all of its training pres- 
entations within one of the one-thirds 
of the training sequence. Therefore, 
only one-third of the massed items 
was presented during the trials which 
immediately preceded the test series; 
all of the distributed items Were 
Presented during these trials. Could 
me advantage of the distributed items 
have been due to their greater average 
Proximity to the test? This is pos- 
sible; and a comparison among the 
massed items depending 0? their order 
Of presentation makes it plausible. 
son eg vi to qm 
th the tent tae Ae iby and 8 for 
est were .2/, «4^» * 

P. first 2, the second 2, and the last 
t Y. presented ne waiting. D 
of ie p uir pror n 
training — 36, and - 
irst g were .39, 90) €, dapi we 

t second, and third items 1n 

their presentation. 
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E purpose of the second CET 
of a was to remove the P 
and Biron between 
ences hassed items produce: bd 
Massed presentation T > tions 
Occur and distribute 

e ea throughout the 
item St. That is, each tin 

Was presented, it was 
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second time either as the very next 
item or following just one other item 
l'he distributed items were presented 
on trials which were spaced out in the 
usual fashion. Thus, the effect of 
differential proximity between the 
training trials and the test series in 
Exp. I could not occur: the training 
and test procedures were simply 


combined. 


Method 


" Subjects, materials, and procedure.—The 
30 Ss were students in introductory psy- 
chology. Three Ss were discarded, 2 because 
of procedural errors by E, and 1 because of 
failure to complete the task before having to 
leave for a class. 

The stimuli were 15 of the words listed 
above under Exp. I; KING was not used. The 
responses were the digits 1, 2, 3, 4, and 5. 
Instructions and method of presenting items 
were the same as in Exp. I. 

Arrangement of lists —Twelve of the 15 
stimulus words were experimental words, and 
were presented in four different ways. These 
four conditions can be understood most easily 


dering blocks consisting of 30 item 


by consi 
resentations, and half blocks consisting of 
atations. Every item appeared 


15 item prese! 
at least once in each full block. 


First, consider two sets of items which will 
be called Single items- Each Distributed- 
Single item W presented just once in each 


1 block. Each Massed-Single item was 


30-tria. Ss 2 A 
resented twice in each 30-trial block, with 
either zero OF one item between the two 

presentations. $ 
of experimental items 


The other two sets of | 
alled Double items. These sets 


above-described Single 


i except that Double items were pre- 
aud an each 15-trial half block. Each 
l le item was presented once 
15-trial half block; each Massed- 
Double item was presented twice in each 15- 
alf block, with eith 3 
between the two presentations. 
appearing near the end of a 
sequences were re- 
four different items 


at least 
tem appeared in 


ented before the i 
half block. 
hich were not in these 
vere used They 
to provide 
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ning of the experiment, in order to reduce 
primacy effects. Each extra item appeared 
once per 30-trial block during the remainder 
of the experiment, in positions which aided 
in satis ing the spacing requirements de- 
scribed above. 

Six different schedules were prepared, and 
these constituted the experimental treatments 
of a randomized block design with five 
replications. A different assignment of 
stimuli to conditions was obtained for cach 
block of six Ss; there were three words in each 
condition, cach nulus word was 


and 
assigned to a different condition in each of the 


blocks. A different assignment of responses 
to stimuli was made for cach S, restricted so 
that the three stimuli in any one condition 
had different responses, and so that each 
response was paired with at least two but at 
most four of the stimuli in the 15-item list. 
Phe items were presented until S gave only 
Correct responses on two consecutive 30-trial 
blocks, excluding errors on extra items. 


Results 


The criterion used for stopping the 
experiment required different numbers 
of correct responses for items in the 

ifferent conditions. In order to 

Obtain fair comparisons amons the 
Sets of items, comparable criteria were 
i e to the items in the four se 
crite al conditions, and trials after t : 
D had been met for chm o 
For S were excluded from the analy i^ 
crit the distributed conditions, a 1e 
erion was two consecutive presen- 
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ue of all three items in which 
mio ee 
consecutive BN a i Qe wo 
trial pairs on all three aos enn 
a on which 
S gave correct responses on the six 
trials that were the first members of 
the trial pairs. 
. The proportions of errors on the 
items in the four conditions are 
graphed by 30-trial blocks in Fig. 1. 
Each data point represents a single 
presentation of cach item; therefore, 
the numbers of data points per block 
differ among the conditions. Perhaps 
the most striking aspect of the results 
is the lack of substantial difference 
between the massed and distributed 
items, if the second presentations of 
the massed items are ignored. If there 
were no learning at all on these second 
presentations, then the curve for the 


distributed items would be expected 


to fall along the upper points of the 
In the 


curve for the massed items. 
single conditions, this seems to have 
been the case, and the difference be- 
en the two curves in the double 
as not overwhelming. 
Pertinent statistics are presented in 
Table 2. The results in the first 
column are relevant to the question 
whether massed repetitions are less 


twe 
condition W 


TABLE 2 


DATA FROM Ex. Il 
aoa q Mean Number of 
p Mean apto het | Errors before 
Cond. Error before Criterion Criterion 
“ise 3.38 2.74 
Istributed 3150 2:88 
assed T 1 
90%, confidence interval for difference: distributes —242 + 0.84 —0.13 + 0.43 
Minus massed 
Double 438 3.40 
Mstributed 541 j 
oed 7 „distributed 57 = 0.52 
90% confidence interval for difference: distr! asd 0.57 + 0. 


Minus massed 
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effective than distributed repetitions, 
If each repetition of a massed item was 
just as effective as each repetition of a 
distributed item, then there would be 
at least as many presentations before 
learning for the distributed items as 
for the massed items. The number of 
presentations up to and including the 
last precriterion error was counted for 
each item; the means are presented in 
the first column of Table 2. The fact 
that a greater number of presentations 
was required for the massed condi- 
tions then for the distributed condi- 
tions provides further evidence that 
massed repetitions are less effective 
than distributed repetitions, 

The figures in the second column 
relate to the question of whether the 
Second repetitions in the massed trial 
pairs had any effect at all. Consider 
the following hypothesis: the second 
repetitions of massed Pairs have an 
effect only when S fails to attend to 
the first Presentation. If the hy- 
pothesis were true, then the occasions 
on which the second presentations 
could be effective would approxi- 
mately correspond to the few occa- 
sions on which there was an error on 
the second presentation of a massed 
trial pair. It would be expected, then, 
that the mean number of errors before 
criterion would be the same for the 
distributed as for the massed items, 
From the second column of Table 2; 
it can be seen 
obtained i 


items in 
condition, Thus, there is 
evidence that some learning occurred 
on the massed repetitions jn the 
double condition, although the result 
from the single condition is consistent 
with the conclusion that no learning 
Occurred when an item was immedi- 
ately repeated, 
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Discussion 


The consistent finding of these experi- 
ments is that less learning occurs when 
repetitions of an item are massed than 
when they are distributed. In some 
cases there was no evidence that any 
learning occurred when an item ee 
repeated very soon after a e 
presentation. For reasons presented 4 
the introduction of this article, this fin : 
ing is generally consistent with a acci 
paired-associate learning , emphasi Fi 
the importance of differentiation or € d 
crimination among the items. "The find- 
ing seems to argue against the importane 
of contiguity or of reinforcement in th 
situations studied here. i 

This theoretical point can be rein- 
forced by considering the present experi- 
ments in relation to other studies in 
which spacing of items has been system- 
atically varied. In two paired-associate 
experiments, it has been found that when 
similar items are grouped together in the 
list, learning occurs more rapidly than 
when similar items are spaced apart 
(Gagné, 1950; Rotberg & Woolman, 
1963). It would be reasonable to assume 
that in these studies, much of S's 
difficulty in learning the task comes from 
having to discriminate among the items 
which are similar to one another, This 
assumption would lead to the inter- 
pretation that when relatively indis- 
criminable stimuli are present in adjacent 
Positions in the sequence of trials, then 
discriminations among them are more 
likely to occur. Then the results Rem 
ported in this paper would indicate that 
the immediate repetition of an item 
seldom provides an additional el 
tunity for that item to be discriminate 
from others in the list. 
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EFFECTS OF A REDUNDANT PREFIX ON IMMEDIATE RECALL 


KENT M. DALLETT 


University of California, Los Angeles 


Ss were presented with strings of 7 or 8 digits for immediate recall, 
5 conditions were compared: 7 random digits, 8 random digits, 7 digits 
to which S was required to add a redundant 0 prefix in recall, 8 digits 
including a redundant 0 prefix, and 8 digits including a redundant 


prefix which S was required to omit in recall. 


The prefix was redundant 


in the sense that S was advised in advance of its presence and advised 


that it would appear with 10 successive digit strings 


Recall of 7 


random digits was superior to all other conditions, which did not differ 


among themselves. 


Conrad (1958, 1960) has shown that im- 
mediate recall of 7- and 8-digit messages is 
markedly reduced when S must prefix a zero 
to the string of digits in recall. This finding 
is somewhat surprising, since S always knew 
in advance that a zero prefix would be re- 
quired, so that little or no extra learning was 
involved. The present experiment was under- 
taken in order to replicate Conrad's basic 
finding and to compare the effects of several 
zero-prefix conditions with the effect of 
augmenting the message by one nonredundant 
digit. One would expect that the addition of 
a zero prefix would reduce recall less than 
would requiring S to remember an extra digit. 
Conditions were also included in which zero 
prefixes were a part of the series presented 
to S. 

Method.—The materials were strings of 7 
and 8 digits (excluding zero) taken from a 
table of random permutations. These digit 
series were recorded on magnetic tape at a 
rate of approximately 2 digits per second. 
Three types of digit strings occurred on the 
tape: 7-digit series, 7-digit series prefixed by 
zero on the tape, and 8-digit series. Each 
type of digit string occurred in a block of 10 
similar strings, and in the experiment, S was 
always presented with 10 strings of the same 
type before being switched to another experi- 
mental condition. Each string was preceded 
by a ready signal. 

The S sat facing a loudspeaker, and was 
instructed to listen to each string as it was 
presented, and then, with no signal from E, 
to try to repeat the string when it was com- 
pleted. The first 40 digit strings presented 
were alternating blocks of 10 7-digit and 10 
8-digit series. "Then four experimental condi- 
tions were presented, each represented by a 


block of 10 strings, and finally, another 40 
strings made up of 7- and 8-digit series. Be: 
fore each block of 10 strings, S was told (a) 
what type of strings were to be presented, 
including the nature of the repeated zero 
prefix if applicable, and (b) what 5 was to 
recall. The alternating blocks of 10 7-digit 
and 10 8-digit strings at the beginning anc 
end of the experiment began with 7 digits for 
half the Ss, and with 8 digits for the other half. 
The four experimental blocks were presented 
to each S in a different order, with all 24 
permutations being used. 

The Ss were 24 students from the intro 
ductory psychology course at the University 
of California, Los Angeles. They signed up 
for the experiment as a part of a class require 
ment, and were assigned to one permutation 
of conditions in the order of their appearance. 

The four experimental conditions could be 
considered as a 2 X 2 factorial design, 0n€ 
variable being whether or not S was require? 
to prefix a 7-digit string with a zero in recall, 
and the other variable involving the presence 
or absence of a zero prefix on the tape. Thus, 
one of the four conditions (7:07) duplicate 
Conrad's main experimental condition in that 
no zero was presented, but S was required te 
prefix one in recall. Other conditions include 
a 7-digit control condition (^$7),-9 condition 
in which zero was presented on the tape an 
preserved in recall (07:07), and a fourth 
condition in which a zero prefix was presente 
on the tape, but S was told to omit it in rec 
(07:7). 

Results and discussion.—Kach digit string 
was scored in an all-or-none fashion: either 
it was completely correct or it was not. 
score for each condition represented Es 
number of correct strings in a block of 1 
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No tendeucy for Ss to improve 


strings. 
The means and 


within blocks was noted. 
SDs for each condition are presented in 
Table 1. An analysis of variance indicated 
that the procedural variation of having half 
of the Ss’ pretests begin with 7-digit series 
and half with 8-digit series was not significant 
at the .05 level, and did not interact with any 


other variable, Hence, all of the data were 
combined, yielding 12 conditions: the 2 


7-digit and 2 S-digit series of the pretest; 
4 similar series from the posttest; and the + 
experimental conditions. A multiple-com- 
parison test described by Snedecor (1957, p. 
251) indicated that a difference of 1.169 was 
required for any 2 of the 12 conditions to differ 
significantly from one another at the .05 level. 
None of the 7-digit series differ from one 


another by this criterion, nor do any of the 
S-digit series differ from one another. The 
difference between the 7- and 8-digit series 
is significant. All of the 3 conditions in- 
volving a zero prefix (in presentation, in 
recall, or in both presentation and recall), 
differ from the 7-digit series, but not from one 
another and not from the 8-digit series. 
Hence, the effect of the 3 zero-prelix condi- 
tions appears to be no different from the effect 
of adding another, nonredundant digit. 
While these findings offer a striking con- 
firmation of the zero-prelix effect, it 1s some- 
What puzzling that the 07:7 condition did not 
Significantly exceed the 07:07 condition 1n 


i artial 
Performance, since it is known that a ne 
l accurate than à fu 


report is likely to be more at jing 
port (Anderson, 1960; Spering& . lizes 
sing an individual ¢ test (which capitalizes 
a chance), this difference would attain 
Significance at the .05 level ony if a rod 
failed test were employed, 23) = sed i 
he effect thus seems to be a small one ao 
den experiment is not sensitive. SO us 
s tect, An attempt was made to incre? figit 
šensitivity Dy scoring partially correct dig 
ings, but there are few unambiguous vot 
Dro omg so when Ss recall orally. pcne 
Mising approach to such scoring consis e. 
obtaining initial and terminal spans, h^" 
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the. number of consecutive correct digits 
beginning and ending a given digit string. 
W ith series as short as these, initial and 
terminal spans are not independent of one 
another, nor are they independent of correct 
recalls, so it is probably not surprising that 
this span analysis yielded no new information. 

These findings suggest that the decrement 
in recall resulting from the extension of a 
7-digit to an 8-digit series might xot be due to 
requiring S to remember an additional digit. 
However, there are several possible explana- 
tions to consider. Conrad (1960) described 
the addition of a zero prefix as a means of 
delaying recall, but also suggested that it 
might better be described as an interrup- 
tion of recall. If delay or interruption were 
involved, then we might expect the 07:7 
condition not to be affected by the zero prefix, 
which would merely serve as an extra ready 
signal. However, the reports of some of the 
Ss suggest that it is impossible for S not to 
hear the zero as a part of the series, and thata 
brief interruption or delay might be involved 
when S is required to omit the zero in recall. 
A very careful latency measure might indicate 
that omission does delay or interrupt recall. 
A different possibility is that the redundant 
fix adds very little to 5's “memory load," 
but acts adversely on recall by making all 
series more similar to one another. It would 
then be expected that the effect would in- 
crease. gradually through a block of zero- 
prefix trials, which does not appear to be the 
case in these data. A third possibility is that 
the addition of a zero prefix somehow changes 
the manner in which Ss record or encode the 
digit strings. However, such an explanation 
would apply only to those conditions in which 
a prefix was presented on the tape, and not 
to the condition 1n which S was required to 
add a prefix. This apparently minor phe- 
nomenon could be the occasion for a good deal 
of research. — , 

Together with oth 


pre 


er recent studies (e.g., 
Peterson & Peterson, 1959), the zero-prefix 
effect suggests that immediate recall is ex- 
tremely susceptible to interference, and that 
the nature of the operations capable of inter- 
fering with short-term recall is T Very well 
understood. It would be hard, eme: 
to explain these findings in terms of prior or 
interpolated learning. More promising, per- 

;. would be an attempt to determine 
bor $ there are common stimulus or re- 
Mense properties involved in those events 
sj 


i immediate recall. Perhaps, for 
as qn stimulus capable of producing 


" le, any S . " 
enum "» attention,” or an “orienting 
psu t E 
pore" will also interfere with recall. 
res| 
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VERBAL PAIRED-ASSOCIATE LEARNING AS A FUNCTION OF 
GROUPING SIMILAR STIMULI OR RESPONSES! 


IRIS C. ROTBERG 


Human Resources Research Office, George Washington University 


Previous experiments (Rotberg & Woolman, 1963), in which similar 
and dissimilar stimulus groupings were compared, indicated the su- 


periority of similar stimulus grouping. 
similarity categories were clearly isolated during learning. 
present experiment, procedures were em 
marked separation of the similarity catego 


In those experiments, the 
In the 
ployed that provided a 1 
i Although the results 


confirmed the findings of the previous experiments in certain respects, 


similar stimulus grouping was not superior to dissimilar grouping. 
hypothesized that the superiority of similar stimulus grouping depends 


It is 


on the functional isolation of similarity categories. 


Three previous experiments (Rotberg & 
Woolman, 1963) indicated the superiority of 
a procedure that groups similar rather than 
dissimilar stimuli for learning. The present 
study compared the same variables under 
experimental procedures that provided a less 
marked separation of the similarity categories. 

Method.—The experimental treatments 
were the same as those used in the previous 
study. The word list corresponded to the one 
used in Exp. I and II of that study. The 
exposure time corresponded to Exp. II and 


III. The method of presentation differed, as 
follows: 


In the previous study, the following 
procedure was employed: (a) There were five 
learning trials, (b) the trials for each three- 
word group were completed before the next 
group was presented, (c) the test was given 
after all learning trials had been completed. 
Under this procedure, the similarity categories 
during learning were clearly separated. 

In the present study, there were 10 trials. 
Each trial included the following periods: 
(a) Learning. The nine paired associates 
were presented. Either similar or dissimilar 
items were grouped. The Ss wrote the 


1 The research reported here was conducted by the 
author while she was employed by the Human Re- 
Sources Research Office, George Washington University, 
operating under contract with the Department of the 

my Opinions and conclusions are those of the writer 
and do not necessarily represent views of the University 


or the Department of the Army. 


response they considered correct after the 
presentation of each stimulus, They were 
then given the correct responses. The Ss 
did not respond during the first learning trial. 
(b) Test 1. Stimuli were presented in random 
order. The Ss were not informed of correct 
answers. (c) Test 2. Responses were pre- 
sented randomly and Ss were required to give 
the matching stimuli. The Ss were not in- 
formed of correct answers. 

Contrary to the previous study, these 
procedures provided a less marked separation 
of the similarity categories. 

The Ss were male and female high school 
student volunteers. There were 21 Ss i 
each of the four experimental groups. 

Results and discussion —Table 1 presents 
the mean number of correct responses for eac 2 
experimental treatment during Learning: 
Test 1, and Test 2. The means are given for 
Trial 5, Trials 1-5, and Trials 1-10. The 
Test means for Trial 5 by itself are directly 
comparable to those of the previous study: 
since Ss in the latter study were tested at the 
completion of Trial 5. For all periods, the 
term stimulus group refers to stimulus grouP" 
ing during Learning, while the term response 
group refers to response grouping during 
Learning. 

A 2X2 analysis of variance for each 
period for each trial category indicated E 
significant difference between the similar aD" 
dissimilar groups. This finding was inco? 
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TABLE 1 


Mran Nu: F ECT P TREATMENT 
JAN Numner OF CORRECT RESPONSES E. Fo 
x SPONSES FOR EACH EXPERIMEN’ R EA 
y 3 IMENTAL TREATMENT FOR E. 
MENT F EACH PERIOD 

ERI 


. Trial Span 
Gregory Period Stimulus Sti im issi 
y ‘Grou S Stimulus Response Dissimilar 
EE i ip. ip e| Group Group Response 
Leanne 5.76 5.57 — 
Test 1 6.14 3.67 E 
E 524 6.24 6:29 
Learnin ; 
Learning 14.71 12.20 
! Test 1 16.71 17.19 
= 19.71 20.48 
us Learning 
J | Test 1 49.48 48.05 
Test 2 EX 38.02 
a 762 


previous study 


results of the 
f similar 


sistent with the 
the superiority © 


Which indicatec 
stimulus grouping. 
len UR in the present experiment were 
Pae between the stimulus and response 
stitute and between inside and outside sub- 
sentially: errors during Testing which. es- 
experi y paralleled those of the previous 
Test ase Therefore, the only contrast in 
ority ee was the failure to find a superi- 
Press stimulus grouping 1n the 
lt i; p eise e 
Ween vai hypothesized 1 that no 
ound ep d and dissimilar M 
Stmilarit the present experiment because the 
Clearly y categories during Learning were not 
this jac paratei, Results demonstrating 
, which of separation are provided by Table 
and Eier da ents the mean number of inside 
and dees ibstitution errors for the similar 
Ing for UE stimulus groups during Learn- 
ers 1-5 and Trials 1-10. 

Moup ae indicate that each exper! mental 
lon erry de both inside and outside substitu- 
© errors during Learning in the present 


Peri n 
With ment, ‘These results are inconsistent 
of the earlier 


s thi x 

Study °C findings for Exp. I 

Presented in the same table. Of the 
tudy, Exp. II 


ent experi 


difference be- 
grouping Was 


TABLE 2 
AND OUTSIDE, SUR ITUTION 
;p DISSIMILAR 


BST 
ILAR 


Esen, 

s Fuia - P 3 

I» 3 Tande ee 8.76 
rs. | fue 43 | D7—— 

rials 1— Gare? " 1 

& $1-10| Inside ast | i1 
b. IĮ Outside | 10.87 E uh 

i 4.93 00 


Inside 
Outside 


ment in that the stimulus words and exposure 
times were identical. The results for Exp. Hl 
indicate that the similar stimulus group made 
predominantly inside errors, while the dis- 
similar stimulus group made predominantly 
outside errors. This more complete isola- 
tion of the similarity categories during Learn- 
ing provided a basis for advantageous use of 

the similarity groups. iis 
Effective isolation of the similarity cate- 
gories might occur, even when the similar 
groups are not clearly separated experi- 
mentally, if Ss! responses tend to remain 
within the categories. Gagné (1950) found 
similarity grouping and Rothkopf (1958) 
ing optimum. The 


found dissimilarity group! 
learning categories Were not presented sepa- 


rately in either study. However, in Gagné's 
study, Ss were given the paired stimulus and 
response during Learning. | They GEES Hob 
required to respond. Any implicit responses 
they made were akin to responses made under 
a prompting procedure: They were made after 
the presentation of the correct response. 
Thus, there was little probability of extra- 


category responses during the learning trials. 
study, à confirmation pro- 


In Rothkopf's : : 
loyed during learning. There- 


cedure was emp! e 
fore, @ substantial number of learning 
tside the similarity categories 
istent results of 


responses OU 
was possible. 
these studies C 


pothesis that 
categories js necessary for ol 
be functional for S. 


grou ping to 


The incons! 
an be explained by the hy- 
isolation of the similarity 
bjective similarity 
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MINIMAL PAIRED-ASSOCIATE LEARNING! 
LLOYD R. PETERSON axp KENNETH P. HILLNER 
Indiana University 
'The interval between 2 presentations of 2 paired associates was varied 


in a short-term retention study. The inferiority of the pair presented 
2nd was largely eliminated in a condition in which 10 sec 


between pairings. 


Peterson and Peterson (1962) investigated 
recall of two and three pairs of words after 
intervals up to 16 sec. filled with counting 
behavior. A primacy effect was found to 
persist through several manipulations of 
length of retention interval, numbers of 
presentations, and kind of stimulus condition 
at time of recall. The present experiment 
investigated the possibility that introduction 
of an interval of counting between first and 
second presentations might reduce the 
primacy effect by increasing frequency of 
recall for the pair originally presented second. 

Method.—The technique of the previous 
study was adapted to the present problem. 
Each of 30 Ss from introductory classes was 
given 96 tests following 2 practice tests. 
Apparatus failure resulted in discarding the 
data of 2 of these Ss. Two pairs of familiar 
words were exposed in a memory drum at a 
2-sec. rate. Both members of a pair were 
exposed together in presentation, while the 
first member was exposed alone at recall. The 
S read aloud all drum exposures. In half the 
tests the pairs were presented twice without 
interruption, while in the remaining tests an 
interval of 10 sec. intervened between the 
first and second presentation of the pair 
tested. This interval was filled partly by S 
counting backward from a 3-digit number 
exposed in the drum, and partly by exposure 
of the other pair. In either case the sequence 
of presentations was ABAB for half the tests 
and ABBA for the remainder. ‘Ten seconds 
of counting and exposure of the other pair 
intervened between second presentation of a 
pair and its attempted recall. Three different 
assignments of pairs to conditions were used 
over the group of Ss. All conditions were 
equally represented in each block of 8 tests, 
and a random order obtained within blocks. 

Results.—Table 1 indicates that with the 
massed presentations a strong primacy effect 
was found as in the previous experiment. 
However, in both halves of the session the 


! This research was su 3 
r S supported by Grant G 12917 
Sn ue SEM renes Houndation to Indiana 
ersity, a grant for whic i i 
principal veset, the senior author is 
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An explanation in terms of attention was suggested. 


. elapsed 


introduction of counting between oe 
tions resulted in marked increase of edm 
the second presented pair. For the se ally 
half of the session the primacy effect vis 
disappeared in the spaced conditions. ei 
An analysis of variance of number ect tee 
resulted in significance at the .01 ET 6; 
Spacing, F (1,27) — 25.5; Order, i rder in- 
and Half, F = 15.3. The Spacing X Ordery, 
teraction was also significant, F (108) p p 
The Spaced tests were analyzed ABAB 
quence, and it was found that Eher first 
sequence, in which the B pair of Epi later 
presentation was also second in the ]l for 
presentation, resulted in no poorer reca 


] s 
| First Half | second Hali 
Pair ESI AS NE nates —- 
Tester mar 
| Massed | Spaced | Massed | Space“ 
A m 57 | .60 oe 
B | 39 | 53 | A45 
L i "— 


nce 
(.58). J 

Discussion.—The present findings can be 
compared with other recent studies a in 
Wampler, Kirkpatrick, & Saltzman, mee 
which presentations of other pairs comp tion 
filled spacing intervals as well as rete! res- 
intervals, In those studies spacing of ier 
entations improved recall at retention "eing 
vals of 8 sec. and longer, The effect of ge 
may be to maximize attention. It Salted 
plausible that where an interval of time S 
with activity occurs before repetition er 
pair, attention may be greater than W 
such is not the case. 


e 
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COMPOUND-STIMULUS HYPOTHESIS IN SERIAL LEARNING 


ROBERT K. YOUNG axp JAMES CLARK 


University of Texas 


a cluster of items preceding the response is the 
as tested by having 40 Ss learn 1 of 2 serial 
lists and then learn a “cluster” list composed of groups of 3 items 
| taken in serial order from the previous list. The results of the learning 
of the “cluster” list were very similar to results of experiments testing 
the hypothesis that the nominal stimulus is the effective stimulus in 
serial learning. That is, items taken from the ends of the serial list t 
| were learned faster in the cluster list than were their controls while items 
i taken from the middle of the list were learned no faster than their 


| controls. 


The hypothesis that 
stimulus in serial learning W 


rate with a 2-sec. interval between clusters 
and a 6-sec. intertrial interval. The items 
were two-syllable adjectives taken from 
Melton and Safier (Hilgard, 1951) and were 
as unrelated as careful inspection would 
permit. The learning criterion for each list 
was one perfect recitation. Four orders of 
cluster presentation were used to avoid serial 
learning. Both lists were presented by a 
filmstrip projector. 

Results and discussion.—The first analysis 
is in terms of the number of trials to learn 
the two 15-item sublists of the cluster list. 
For the experimental sublist (i-e. those items 
previously learned in the serial list) the mean 
was 12.63 trials while for the control sublist 
it was 14.14 trials. This difference is not 


Horowitz and Izawa (1963) have recently 


suggested that in the learning of a serial list 

the effective stimulus is a cluster of items 

Preceding the response. This hypothesis, the 

Compound-Stimulus Hypothesis, has previ- 

ously been examined by Young (1962, Exp. 
| Il) with negative results. Horowitz and 

zawa suggest that Young's procedure “failed 
H to capture the temporal nature of the serial 
/ task" and for this reason was not a proper 
test of the hypothesis. They further suggest 
that the “elements of each cluster should 
appear singly as they do in the serial task." 
The present experiment tests the Compound- 
Stimulus Hypothesis in the manner suggeste 
^y Horowitz and Izawa. 


Method.—Each of 40 Ss learned one of two 

IScitem scri] fate in which the first item significant, F (1, 38) = 2.85. The second 

served as the anticipation symbol. Each S analysis is in terms of the number of trials to 

then learned a “cluster” list composed of 10 learn the experimental and control sublists 
s items. Here the experimental 


of the five 7 


&roups of 3 items each, taken from the 30 


items of the two serial lists. Of the 10 groups 
of items, sublists of 5 groups were taken from 
| each of the serial lists with the result that 
each S learned 5 clusters from the previ- 
Ously learned serial list and 5 new clusters. 
he experimental design isa2X2 n 
factorial in which the pape Pe and the 
rn pier " i | ise [Each of 
the fePresent the two serial lists. L 1, 
and three items in a cluster n J ah sens 
ap. 7^ was presented alone, and the rial 
PPeared in the same order aS in the $ 


lis * the 
| D. Each of the n — 2 items serv = = 

» na P sequen š 

it l stimulus for the = j^ nominal 


m : H 
stio Which in turn served 8 


mul i 
us for the subsequent #1teM 4 ec, 


© late a serial lists were presente ei The 
i : ey . 
liste, — a 6-sec. intertrial inte es 


ist was also presente 


and control means were 6.50 and 9.80, re- 
spectively, and the difference is highly 
significant, F (1, 38) = 14.50, p < .001. The 
third analysis is in terms of the number of 
trials to learn the two » — 1 sublists. Here 
the experimental and control means were 
11.50 and 13.83, respectively, and again the 
diference is significant, F (1. 38) = 7.39, 


« .01. 

Finally, the learning of individual items 
analyzed as à function of the position 
the serial list. The mean correct 
responses per trial for each » and each,» — 1 

item were compared to the mean correct 
responses for the control item which was 

taken from the same serial position ae un- 

learned serial list. Of the 10 2 and — 1 

ificantly faster than 


lear a were learned signi : 
items, 3 Y tive control items; those which 


their respec 


was à 
they held in 
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had held Positions 2, 3, and 15 (F — 36.04, 
31.12, and 24.04) in the serial list. 

The data appear to support a hypothesis 
which suggests that the effective stimulus in 
serial learning is the preceding items in the 
list. Such an interpretation is, however, 
not without difficulties. The x — 1 items, 
preceded only by a single item (n — 2), 
yielded positive transfer, suggesting that the 
effective stimulus is the single preceding item 
rather than a cluster. It should also be noted 
that the learning of items as a function of 
previous serial position conforms almost 
exactly to comparable results in previous 
experiments designed to test the hypothesis 
that associations are formed between adjacent 
items in a serial list (Young, 1961, 1962). 
Since a test of the Compound-Stimulus Hy- 
pothesis does not preclude transfer resulting 
from associations formed between adjacent 
items during serial learning, it is not sur- 
prising that differences found in previous 
experiments are also found in the present 
data. Thus the present data cannot be un- 
ambiguously interpreted as supporting the 
cluster hypothesis. 

In addition, the analysis of the learning of 
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the z sublists lends relatively little support to 
the cluster hypothesis. Two of the five items 
in this sublist were learned rapidly. These 
items (3 and 15) were taken from the ends of 
the serial list, and previous research has 
indicated that such positive transfer is found 
only for the ends of the list. The most 
parsimonious interpretation of these findings 
is that at the extremes of the list associations 
are formed between adjacent items. T he lack 
of positive transfer for items from the middle 
of the serial list in this and previous expert- 
ments indicates, however, that such interitem 
associations are formed only at the extremes 
of the serial list. 
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This is the 4th in à seri 
In this one, 
subsequent occasions. These 
ing (Ro), the alternative response 
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variances, recall was no b 

than for comparison Ss who rec: 

an analysis of th 
later memory trials were 
training trial and ( 
of correlations for attemptec 


confirmed the hypothe 
ference W 


responses. 


process of inter! 


À pr k 
Procedure often used in the study 


One eat has been patterned after 
mg, + sa lg for the study of learn- 
X erus Recall, the procedure is 
"st is erized by E saying, do your 
asked g the next trial" and seldom is 5 
These repeat your first response. 
Comp] èe studies of memory have been 
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hich accu 


term retention of single, discrete 
d to recall 3 initial events on 4 
original response of Train- 
and the informative feed- 
In terms of means and 
Ss repeating responses 
2 findings grew out of 
ry trials: (a) the 
y trial than to the 
Jain the pattern 
of Ro and R*. The 2nd finding 
that forgetting is a 


for the 


to S forms the dominant theme (Bilo- 
deau & Levy, 1964; Bilodeau, Levy, 
& Sulzer, 1963; Bilodeau, Sulzer, & 
Levy, 1962). The present study 
differs from the others in that S was 
asked to repeat his first response not 


2 This is the fourth of four comprehensive 
studies of levering in a project emphasizing 
those events within trials that might be 
subject to forgetting. Taken as a whole, the 
four experiments elaborate new treatments of 
the independent and dependent variables of 
memory. For a wider perspective on these 
four studies and their relations to other con- 
temporary research see Bilodeau and Levy 


(1964). 
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once but four times. The repetitions 
will be designated 1, 2, 3, and 4; the 
training or original response will be 
designated 0. The general question 
can now be properly phrased: What 
is the effect on future recalling of 
earlier recalling? Recall trials are not 
important if Ro is the standard against 
which the nth response is produced; 
they are important if recalled re- 
sponses serve as the standard. Mem- 
ory trials are also important if they 
serve as interpolated responses inter- 
fering with the trace of Ro. 

Data collected by Bilodeau and 
Levy (1964) will be used as the control 
comparison for the experiment to be 
reported. They used different groups 
of Ss for each retention interval. 
That is, a given S recollected but once; 
either 3 min., 20 min., 2 days, or 6 wk. 
were placed between Ry and R}. [n 
the present study, the same intervals 
also separate Ry, Rs, R5, and R; from 
Ro, respectively. 

A trial of recall may serve the 
function of a trial of training. It is 
possible that in some instances of 
recalling, S recalls not so much the 
original event as some more recent 
memory of that event. That is to say, 
part of the variance in recalled re- 
sponses is attributable to the original 
event (Ro) and part is attributable to 
later attempts at repeating the orig- 
inal (cà = o2_1 +2). This sort 
of analysis clearly provides for the 
wandering of memory or the growing 
variable error in a series of recollec- 
tions of an original event. 

Methodologically, it is important 
to distinguish between the procedure 
of repeated recalling (retrieving or 
retention testing) and of repeated 
practice (storing or acquisition train- 
ing), the former referring to repeti- 
tions with no improvements required 
and the latter to a series of improve- 
ments with no repetitions required. 
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Bilodeau and Bilodeau (1961) have 
reviewed a long-neglected literature 
on the analysis of intertrial correla- 
tions bearing on the learning process, 
and were unable to find a single 
analysis for a retrieving pio 
Thus it is not known whether une 
correlation patterns of recalling re- 
semble those of learning. "The present 
study can do no more than to ope 
up what appears to be a substantia 
area. : 
In learning, the matrix of intertrial 
correlations always has the eol 
diagonal form." A trial panelet 
strongest with its neighbors d 
weakest with the first and last bert 
of the series, producing a pattern W1 : 
correlations highest in the supe 
diagonal (just above the main diag- 
onal) and which decreases ae 
ically when moving either upwards OF 
to the right. Jones (1962) has in 
terpreted these findings as meaning 
that all known examples of learns 
represent a process of siinplification- 
The present experiment will help 
decide if a similar pattern and inter- 
pretation can be made of the inter- 
correlations of memory trials. 


MiTIOD 


Subjects and apparatus.—'The Ss were ^ 
basic airmen at Keesler Air Force Base. ane 
these, 23 were eliminated because they all 1 
absent for one or more sessions of Ree at 
Four Ss did not recall knowledge of penis es 
all and one S gave such a large one tha 
too was discarded. ik 

The apparatus, shown in Fig. 1, is. E i5. 
as Manual Lever D and was describe” i 
detail by Sulzer (1963). The SS's task ! ES 
stand in front of the box which houses. ; 
lever, grasp the unseen lever, and mo sA 
from left to right on the command of “mo 


the 
3The Ss were provided through ior 
cooperation of the Commander and of N 


Marvin Karp, Director of Military Tana 
We are especially grateful because hejo 
peated testing of 132 Ss over a 6-wk. Pes 
is not possible at most civilian institution? 
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FIG. 1. Schematic view of Manual Lever D 
Showing the lever positioned at Target 100. 


The resting position of the lever was 44° above 
the horizontal, Target 100 was 20° beyond the 
starting Position, and Target 300 was located 
60° beyond, Responses and Targets may be 
converted to degrees of arc by dividing by 5. 
,,, Procedure, The details of Pretraining and 
Training were described by Bilodeau, Sulzer, 
and Levy (1962) and so there is no need to 
repeat them all here. Recapitulating very 
briefly; during Pretraining the lever was 
made to stop automatically at one, then at 
the other, of two targets, In other words, S's 
hand was guided to two places. Thereafter, 


` there was no automatic stop and S was re- 


quired to stop the lever without mechanical 
assistance, During Training, S guessed which 
of the two targets was “Ce " and indi- 
cated his selection by moving the lever (Ro) 
in an attempt to hit the target. The KR was 


administered immediately afterward and E 


and KRi. Afterwards, S was directed to 2 
room where he waited silently with other Ss 
for "a similar experiment." Shortly before 
the 20-min. session, S was ushered back to 
the Training room. The three to-be-recalled 
events were scheduled in the same order as 
in the first Recall session: Re, R?s, KR Two 
days later S was again tested and Rs, R^» and 
KR: were obtained; after 6 wk., Ra R*& 
KR, were called for, 3 
Those Ss whose Rg was less than 200 u 
of amplitude were told, “That was the wrong 


and 


nits 
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target. You did not move far enough by 
units." These Ss are named Low or 100 
Shooters and their R*s should be in the 
vicinity of 300. Those Ss making Ro greater 
than 200 were told, “That was the wrong 
target. You moved too far by units,” 
They are the High or 300 Shooters and their 
R*s should be in the vicinity of 100. No S 
was told that his Ro was correct because there 
was a shortage of Ss for such a condition. 

The reasons for administering KR as de- 
scribed above were elaborated earlier in the 
series. One reminder may be helpful. Since 
an aim of the inquiry was to investigate the 
cue properties of KR, it was necessary to 
avoid confounding Ro and KR. The E 
achieved this by sampling rectilinearly from 
the series 27, 54, 81 . . . 324 in his program- 
ing of KR and assigned one value unsystem- 
atically to S irrespective of the magnitude of 
Ro. The KR pertains to the distance between 
Ro and the alternative target though the 
numbers are arbitrary, 


RESULTS AND DISCUSSION 


The means are not reported here 
because they are similar to results 
fully described before by Bilodeau 
et al. (1962). In effect, the means 
remain stable over 2 days of retention 
and then change. After 2 days, the 
R;’s of the 100 Shooters rise toward 
300 and the R;'s of the 300 Shooters 
fall toward 100. 

Variances.—The variances are shown 
in Table 1; » = 47 and 57 for the 100 
and 300 Shooters, respectively. The 
300 Shooters will not be described, 
their data are presented as supporting 
evidence. 

TABLE 1 


VARIANCES FOR 100 AND 300 SHOOTERS 


Response 
0 H 2 3 4 
00 Shooters 
it R ii 943 837 1136 2792 | 10514 
R" 1476 1357 1367 8717 
KR 8462 | 25272 | 29171 | 31093 | 24062 
00 Shooters 
x R 616 | 1738 | 2193 | 2776 | 6449 
Ra 2277 | 2700 | 2899 | 9097 
KR 8547 | 15527 | 14804 | 17049 | 12575 
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o——o Independent 


e@—e Repeated 


(.001) VARIANCE OF Rm 


3 min. 20min. 2 doy 


6 wk. 
RETENTION TIME IN LOG SPACING 


Fic. 2. Variance asa function of retention 
time. (The curves compare the condition of 
repeated recalling—from the present study— 
with the condition of recalling but once— 
from Bilodeau & Levy, 1964.) 


The Ri of 837 is a good match for 
the Ro of 943, KR; exceeds KR, by a 
factor of 3, and the values of R%, Rè, 
Rê, remain about the same for 2 days. 
After 6 wk. have elapsed, Ry is many 
times greater than Ro. There are 
many indications of forgetting during 
the 6 wk. These results, however, 
cannot be attributed to recalling qua 
recalling for, as we shall see, the 
values of Table 1 are similar to those 
obtained by Bilodeau and Levy when 
unfilled intervals were used. 

The variances for R, have been 
plotted in Fig. 2 along with the com- 
parison values of the earlier study. 
The present variances resemble the 
earlier ones in magnitude and in a 
strong trend of positive acceleration— 
although the trend of the repeated 
responses is more regular. As a 
matter of fact, the new variances look 
like the idealized function previously 
proposed by Bilodeau and Levy to 
describe the results for independent 
groups. 


The R*s and the recalled KRs were 


also compared across studies and they 
too showed a high degree of similarity. 

Correlations.—Vhe correlations of 
Ry with each of the four recall re- 
sponses are about the same as reported 
for the independent groups of Bilo- 
deau and Levy, though Ro: Re is low 
for 100 Shooters. In this study we 
also have, in addition to the correla- 
tions with Ro, the correlations among 
the four responses of Recall. Phe 
intercorrelations for the levering re- 
sponses are presented in Tables 2 and 
3 where they are arranged in four 
matrices. : x 

The pattern in all four matrices 19 
consistent. Excepting the correla- 
tions for Ro, which we ignore for the 
time being, cach matrix is at least 
roughly a monotonic hierarchy ; 1: 
the largest correlation is between Ri 
and Ra, the smallest tends to be found 
between R5 and Ry, and in between, 
the correlations decrease as one moves 
across the rows or down the columns 
(Jones, 1960). 


TABLE 2 


INTERRESPONSE CORRELATIONS FoR 100 AND 
300 SHOOTERS DURING REPEATED 
RECALL OF Ro 


Responses 


Measure |—— — — — ——| Loading 
| Ri} Ra Ry Ra 
—_ EN ey EE eee ro 
100 Shooters 

MERE... uu 
R 75 |44 56 17 
Ry 73(72)|71(72) |22(17) | 85 
m 69 (72) | 08 (17) Ed 
Rs 32(17) A 
Ry 2 


300 Shooters 


Ry | 61 |59 41 54 " 
Ry 72(72) | 61(60) | 44(47) oe 
Re 58 (60) | 48(47) 2 

55 
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TABLE 3 


INTERRESPO: V CORRELATIONS FOR 100 AND 
300 SHOOTERS DURING REPEATED 
RECALL or R^ 


Responses 


Measure n 
Ray Re: R^ RM 
zem M "m e 
100 Shooters 
t ee = 
Ry 74481) | 58(03) 20 
R^: PES 65(03) so 
Rs; 70 
Ry -35 
300 Shooters 
Ry esca) |5760 | 4607 
Ra iiai | 53(47) 8 
Ru 64 (00) 3369) 70 
Ry 55 
— pu apene 


Note.— Theoretical values in parentheses. 
ands in striking con- 
trast to the pattern universally ob- 
Served for acquisition trials. When 
trials of practice are correlated, the 
Correlations have always fallen into thp 
Superdiagonal form (Jones, 1962). 

he largest correlations are between 
Neighboring trials; the smallest cor- 
relation is in the upper right-hand 
Corner; and in between the correla- 
tions decrease as one moves across the 
rows or wp the columns. The differ- 
nce between the two patterns 1s most 
95vious in the lower right-hand corner 
Ot the matrix. In the superdiagonal 
Orms of practice the correlation be- 
tween the last two trials is almost 
Always the largest correlation 1n the 
Matrix; whereas in Our results the 
Correlation between the last two recall 
responses is, in absolute magnitude, 


the smallest in three out of four ma- 
this result 


This pattern st 


Tices Th ev of 
i e probability © ; 
alone, quite apart from the rest of the 
Pattern, is less than 1 in 200. 

P is not 


his diffi : fern 

difference in patter! 

s a 

“Perficial. Superdiagonal forms = 
notonic hierarchies do not submi 
the same or even similar inter 
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pretations. In the present study 
every one of the (four) patterns can be 
explained as arising out of a single 
common factor, and without much 
error, particularly in the case of re- 
peating Ro responses among 300 
Shooters. The figures in parentheses 
in Table 2 are the theoretical correla- 
tions under a unifactorial interpreta- 
tion. The loadings on the one com- 
mon factor appear at the right-hand 
margin and were obtained by the 
procedures recommended by Jones 
(1962, p. 285). 


The superdiagonal form cannot be ex- 
plained by a single common factor. For- 
getting, therefore, at least as it appears 
in this study, is neither the same nor the 
inverse of acquisition. Something quite 
different must be happening. 

Previous evidence suggests that for- 
getting is brought about by interference 
from experiences either preceding the 
remembered event (proaction) or follow- 
ing it (retroaction). In itself this notion 
does not require either the monotonic or 
the superdiagonal form of intercorrela- 
tion. But the manner in which inter- 
ference acts has definite consequences 
for the two patterns. If interference acts 
in a directed or systematic way, then the 
correlation pattern will be superdiagonal. 
If it acts in a nondirected or random way, 
it will be monotonic. 

Suppose that at some time between 
R»and Rs something occurs which causes 
S to undershoot. It follows that S will 
undershoot on both Rs and R4, provided 
only that the process does not dissipate 
entirely in the meantime. Another in- 
dividual, in the same period, may be led 
to overshoot on R; and Ry. The result 
is an element of covariance between R; 
and Ry. If the increasing variance of the 
recall responses has its origins in effects 
of this sort, the superdiagonal form 
follows necessarily. In other words, if 


iStudies of the acquisition process gen- 
erally maintain a constant intertrial interval 
and produce a progressive diminution of trial 


variance. 
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interference is systematic, the closer to- 
gether two responses are in time the more 
likely it is that undershooting or over- 
shooting is determined by the same 
interference processes. Hence, the cor- 
relation between them will be greater. 
Responses which span greater intervals 
wil more frequently be affected by 
different processes, some of which affect 
the first response but die out before the 
second is made, and others which do not 
begin until after the first response has 
been performed. If these interfering 
processes (a) cause S either to overshoot 
or undershoot and (b) act over a solid 
block of time, then neighboring responses 
will correlate more with each other than 
widely separated ones. And the correla- 
tions will have the superdiagonal form. 

Since our correlations do not have the 
superdiagonal form, systematic interfer- 
ence is not responsible for the increasing 
variance in recall responses. Either the 
processes at issue come and go, i.e., are 
active for a while, stop, and then become 
active again, or they do not cause a 
person to overshoot or undershoot. The 
latter, most probably, is the case. Inter- 
ference in this study does not seem to be 
directed. It does not cause S to shoot 
one way or the other but merely increases 
the variability with which he shoots. 
At each trial 5 tries to reproduce Ry, but 
with the accumulation of time (and 
interference) his efforts are attended by 
larger and larger amounts of random 
variance. The "one common factor" is 
his memory of Ri. This memory, how- 
ever, is attenuated with time by increas- 
ing amounts of error. With respect to 
Ri, successive responses become more 
and more variable, less and less reliable. 
From this interpretation the monotonic 
hierarchy follows directly. 

It is worth emphasizing that this con- 
clusion does not depend upon our choice 
of retention intervals. Under the hy- 
pothesis of a single common factor the 
spacing of the recall responses affects the 
factor loadings but not the pattern of 
correlations they generate. In this study 
the factor loadings fall off slowly at first, 
Sometimes not at all, and then drop 
sharply between the third and fourth 
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recall attempts. This result is altogether 
as it should be because the lapse of em 
between the last two attempts 1s much 
the longest in the series. There is 
therefore, more time for random variance 
to accumulate. If the responses were 
spaced more evenly, the fall-off in aed 
loadings ought also to be more cue . 
But the monotonic pattern would remain, 
and it would still submit to interpreta- 
tion in terms of a single common factor. 
Itisalso worth noting that the apa 
of the superdiagonal form confirms i 
conclusion already reached that E ri 
call responses do not interact. | a 
each successive response, Ss € = 
reproduce their last response, rather t nm 
R,, the result again would be the Ke 
diagonal form. The correlations € 
be strongest between neighboring tria 
and weakest between remote ones. a 
In the matrices for KR in due 
something of this sort seems to m 
happened. These matrices, unlike pm 
for the motor responses, tend toward = 
superdiagonal form. Certainly, they à A 
not monotonic. It is not possible, oie 
fore, to regard the correlations among t a 
several attempts to recall KR as dom! 
nated by accumulating random variance. 
In Table 4 there is a definite tendency for 


TABLE 4 
D 
INTERRESPONSE CORRELATIONS ror 100 AN 
300 SHOOTERS DURING REPEATED 
RECALL OF KRo 


Responses 
Measure m 
KRi KR: KRs KE 

100 Shooters p 
KR, 32 26 m 
KR; 89 82 53 
KR: 92 rt 
KR; 

300 Shooters 
KR, 52 52 50 a 
KR: 87 92 30 
KR: 94 40 
KR; 


p 


Me 
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neighboring attempts at recall to corre- 
late more strongly with cach other than 
more separated attempts. The source of 
this difference may be that the KR re- 
sponses are verbal. This is, however, 
only postponing a good answer and we 
shall have to wait until the difference in 
pattern itself becomes the object of 
inquiry. For the present there is no 
Satisfactory explanation and we must be 
content with the observation that previ- 
ous recalls of KR seem to obtrude more 
frequently and more importantly than 
they do with levering responses. 
It remains to explain why Ro d 
Participate in the monotonic process. 
n general, the correlations for Ro, 
although they have roughly the correct 
orm, i.e., decreasing with time, are too 
low. The correlations, for example, be- 
tween R; and Re are fully as large as 


those between Ri and Ro, if not larger. 
re strongly with Ry 
In fact, Ro adds 


oes not 


2 correlates much mo 
than it does with Ro. ire 
Nothing to the variance of Rz which is 
Not already accounted for by Ri. If Ro 
Were the leading response in the mono- 
tonic process, none of these relationships 
Should obtain and the responses of Recall 
Should correlate more with Ro than with 


any other response. s 
ilodeau and Levy, after examining 
Many retention curves for lever position- 
Ing data, proposed a two-stage function 
9r the retention process, the first being 
Very short. If this proposal is correct, 
the correlations for Ro may be too low 
cause Ry precedes the onset of the 
Second stage. It might also be that Ss, 
Or some reason, choose to model their 
ater responses of Recall not on the 
training trial as demanded by E but on 
le first response of Recall. This ga 
Particularly appealing hypothesis in view 
the fact that but one trial of Training 


a edministered and Ss were imd 
orth i retention 
coming test of afirm those 


nclusions—The data cor r 
ap earlier in the series in the view 
"oie d ing takes P 
t orgetting ? 
man earlier. The pattern of Vs the 
€rtrial matrix suggeste that, unli 


Wa: 
of 
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the trials of training reviewed before by 
Jones, the intercorrelations of trials of 
memory for levering can be explained by 
a single common factor. Thus, forget- 
ting of Ro or R* was neither the same nor 
the inverse of acquisition. Of the many 
reasons for the difference, a prominent 
one is that S was asked to repeat his 
response and was not asked to improve 
upon it. A good deal of work on patterns 
needs to be done before we shall know 
the circumstances producing one or some 
other. 

The forgetting of Roand Re was attrib- 
uted to interference, and supported the 
hypothesis of Bilodeau and Levy that 
interference accumulated during the re- 
tention intervals in a manner similar to 
the accrual of the occurrence of random 
events over time. The forgetting of KR, 
on the other hand, was more systematic 
and was not dominated by accumulating 
random variance. 


REFERENCES 


Brropeau, E. A., & Bmopgau, I. McD. 
Motor-skills learning. Annu. Rev. Psychol., 
1961, 12, 243-280. 

BILODEAU, , & Levy, C. M. Long-term 
memory function of retention time and 
other conditions of training and recall. 
Psychol. Rev., 1964, 71, 27-41. 

BiLopEAU, E. A., Levy, C. M., & SULZER, 
j. L. Long-term retention under condi- 
tions of artificially induced recall of related 
events. Percept. mot. Skills, 1963, 16, 895- 
910. (Monogr. Suppl. No. 8-V16) 

BiLopEAU, E. A., SULZER, J. L., & Levy, 
C. M. Theory and data on the interrela- 
tionships of three factors of memory. 
Psychol. Monogr., 1962, 76(20, Whole No. 
539). 

Jones, M. B. Molar correlational analysis. 
USN Sch. Aviat. Med. Monogr., 1960, 


No. 4. 
Jones, M. . 
simplification. 


274-294. 
Suuzer, J. L- Manual Lever D: A basic 


psychomotor apparatus for the study of 
feedback. Percept. mot. Skills, 1963, 16, 
859-862. 

(Received June 17, 1963) 


B. Practice as a process of 
Psychol. Rev., 1962, 69, 


Experimental Psychology 
Trust 67, No. 4, 310-315 


BACKWARD LEARNING AND THE 
STIMULUS-FAMILIARIZATION 
INHIBITORY EFFECT ! 


SEYMORE SIMON axp GORDON WOOD? 


Northern Illinois University 


This study tested the hypothesis that backward learning during the 
stimulus-familiarization phase of a PA (paired-associate) list may either 
facilitate or hinder the learning of a criterion PA list. PA lists were 
constructed in such a way that if backward learning occurred during 


familiarization training, then the criterion PA learning of 1 group would 
be facilitated while the criterion le 


hibited. Ss were 76 m 
the facilitation group made fewe 
responses (p « .001) th 
2 control groups made significa 
the facilitation group (p < .05) 
than did the inhibitory group 
the conclusion that backward 
training may either inhibit or f. 


A fundamental difficulty in compar- 
ing the results of studies concerned 
with investigating the effects of prior 
stimulus familiarization on criterion 
paired-associate (PA) learning lies in 
the multiplicity of stimulus-familiar- 
ization procedures employed by vari- 
ous Es. For example, during the 
familiarization phase of the Cieutat 
(1960) study, paralogs were presented 
to Ss on white cards and Ss were 
simply required to look at cach para- 
log for a 60-sec. period. Gannon and 
Noble (1961) asked Ss to pronounce a 
list of dissyllables as cach was pre- 
sented on a screen during familiariza- 
tion training. Underwood and Schulz 
(1960) asked Ss either to spell low- 
association-value nonsense syllables 
(Exp. 1) or to learn Syllables as PA 
responses (Exp. 4) during familiar- 
ization training. As Gannon and 
Noble (1961) have pointed out, until 
considerably more empirical informa- 


! Portions of this paper were presented at 
the Midwestern Psychological Association 
Meetings in Chicago, May 1963. 

* Now at Northwestern University, 


arning of a 2nd group would be in- 
ale college students. Results indicated that 
r errors (p < .01) and more correct 
an did the inhibitory group on the PA test list ; 
ntly fewer correct responses than did 
and significantly more correct responses 
(p <.05). The present data supp 
learning during PA familiarization 
acilitate subsequent PA learning. 


pport 


tion about cach of these anulari d 
tion procedures, among other He d? 
odological differences, is obtained, 20 
comparative evaluation of the resu 
of these studies remains impossible. 
The present study was designed t 
provide additional information about 
the effects of PA stimulus a 
ization on criterion PA learning: : 
addition, one hypothesis advanced 2 
Underwood and Schulz (1960, EXP: 
to account for the decremental Lope 
of prior PA stimulus familiarizati? 
on subsequent PA learning wae s 
amined. The authors hypothesi 
that "inhibition" occurred during t i 
test phase because the stimulus dicit 
lables in the situation tended to ¢ che 
their backward associates from en 
familiarization phase which fien 
with the learning of the PA test a 
Although other Es have denis 
that backward learning may pro fer 
cither positive or negative bie wen 
effects (McCormack, 1961; Murdo ij- 
1958; Storms, 1958; Umemoto & ‘ate 
gard, 1961), the lack of appropri 
control groups precludes generaliz 
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the results of these latter studies to a 
design concerned with studying the 
effects of prior PA stimulus familiar- 
ization on subsequent PA learning. 
The present study employs an ex- 
perimental design which permits an 
adequate test of the Underwood and 
Schulz hypothesis. Moreover, by 
incorporating some of the empirical 
findings of mediation theory into the 
Present design, an attempt was made 
to relate the PA familiarization pro- 
cedure utilized by Underwood and 
Schulz (1960, Exp. 4) to the more 
"traditional" transfer-of-training par- 
adigms and their mediational aspects. 
Specifically, it was hypothesized that 
if the response to be learned in testing 
Was a common word associate of the 
Stimulus used in familiarization train- 
ing, then test-list learning would be 
acilitated. For example, if backward 
learning occurs during the deem 
Carning of the syllable Foy" the - 
TABLE-Foy, then facilitation should 
Occur in the test-list learning of the I A 
FOJ-CHATR as a result of TABLE acting 
as a mediator between FOJ and CHAIR: 
Jn the other hand, inhibition would 
€ predicted when the backward asso- 
ciation learned in familiarization 
training did not act as à mediator in 
test-list learning. Thus, if backward 
learning takes place during the famis 
larization earning of the PA TABLE- 
POJ, then the dominant response 
clicited as an implicit association i 
TABLE, viz, carr, would hinder the 
test-list learning of the PA FOJ-MUSIC- 


METHOD 
ials.— he ex- 
ise of six 
s and 


peri, Ste and stimulus item . 
grou dental design called for the 3 
^ IPS of Ss, two experimental group: dn 
ee Control groups. The two experim! iie 
and P3, the Relevant-Mediated (RM) D 

the Relevant-Nonmediated a 


Stroup ` and 2, 
Irr 8nd Control Groups 1a d the 
nelevant-Mediated (IRM) group ane ere 


relevant-Nonmediated (IRNM) group, 


required to learn two lists of eight PAs. For 
these four groups, high-commonality words 
having dominant associates ranging from 675- 
840 (Russell & Jenkins, 1954) were used as 
stimuli during first-list (familiarization) learn- 
ing. The response terms employed in the 
familiarization list were syllables selected from 
Noble's (1961) m’ norms. Groups RM and 
RNM learned a different set of syllables as 
responses to the above stimulus words than 
did Groups IRM and IRNM, necessitating 
the construction of two different lists of eight 
syllables each. MM” values ranged from .73 to 
2.16 with both lists of syllables having mean 
m' values of 1.40. The first-list PAs for 
Groups RM and RNM were: TABLE-FOJ, 
HIGH-CEH, DARK-BIW, LONG-GOX, MAN-RUY, 
BOY-MEQ, BLACK-YIL, KING-VAK; the corre- 
sponding syllables for Groups IRM and 
IRNM were: QUG, XON, ZAB, LIH, SIW, PIB, 
JEC, KIZ. For these PA lists, as well as for 
the test-list PAs, all of the words had Thorn- 
dike-Lorge frequency counts of at least 
100/million. In all instances, an effort was 
made to keep intralist and interlist similarity 
at a minimum. 

In test-list learning the syllables learned 
as responses during familiarization training 
by Groups RM and RNM were now presented 
as PA stimuli for all groups. In this test 
phase the response terms for Groups RM 
and IRM (mediated groups) consisted of the 
high-commonality word ciates of the 
stimuli used in the familiarization phase. The 
response terms for Groups RNM and IRNM 
(nonmediated groups) consisted of words not 
associated with the stimuli used in the 
familiarization phase (Russell & Jenkins, 
1954). Corresponding to each of the familiar- 
ization list stimulus words reported above, 
the test-list response words for Groups RM 
and IRM were: CHAIR, LOW, LIGHT, SHORT, 
WOMAN, GIRL, WHITE, QUEEN; the correspond- 
ing test-list response words for Groups RNM 
and IRNM were: MUSIC, RIVER, SWEET, FRUIT, 
HEAD, JOY, GREEN, HEAVY. Control Groups 
3 and 4 received no familiarization training 
learning the two PA test lists, 
respectively, i.e., Group C-3 learned the same 
test list as did Groups RM and IRM, while 
Group C-4 learned the same test list as did 
Groups RNM and IRNM. The purpose of 
Groups C-3 and C-4 was twofold: to deter- 
mine whether there were differences in the 
difficulty of the two criterion lists and to 
determine the performance of groups receiving 
no prior training on a PA familiarization list, 

Subjects.—Eighty-four male, Northern Illi- 
nis University undergraduates enrolled in 
introductory psychology courses were ran- 


prior to 
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domly assigned to six groups with the only 
stipulation that there be 17 Ss in each of the 
first four groups and 8 Ss each in Groups 
5 and 6. 

Procedure.—Following standard PA learn- 
ing instructions each S learned a practice list 
of three PAs to a criterion of two errorless 
trials. The nouns HORSE, ROSE, and IRON, 
and the syllables prc, LUR, and TEJ consti- 
tuted, respectively, the stimulus and response 
terms for the practice trials. Immediately 
following the practice list the familiarization 
list was learned to a criterion of three con- 
secutive errorless trials. The E engaged S in 
casual conversation for approximately 2 min. 
between the familiarization and test lists, 
Criterion for the test list was 3 consecutive 
errorless trials or a maximum of 30 trials. 
The Ss who did not learn the familiarization 
list in 35 trials or less were dropped from the 
experiment. A total of 8 Ss was discarded for 
failing to reach criterion on the familiarization 
list with 2 Ss being lost from each of the 
groups. There remained 15 Ss in each of the 
four familiarization groups, with a total 
experimental population of 76. 

All lists were presented on a Lafayette 
memory drum. The items were presented 
at a 2:2-sec. rate with a 4-sec. intertrial 
interval. Five different orders of presentation 
were utilized to minimize serial learning 
effects. All syllables used as responses were 
spelled; all words used as responses were 
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RESULTS 


The results are summarized in 
Table 1. An analysis of variance on 
the mean number of trials required to 
learn each of the familiarization lists 
revealed that the groups did r 
differ significantly, F (3, 50) = 2 
p > .05. Except where ape 
otherwise, two-tailed tests were = 
throughout the analyses and the 
assumption of homogeneity. of vari- 
ance was met. On the basis of pe 
analysis it may be said that es 
familiarization lists for the Relevant 
and Irrelevant groups were of compan 
able difficulty level. A £ test on m 
number of trials required to learn the 
test list was performed between 
Control Groups 3 and 4 to determine 
whether there were significant differ- 
ences in the difficulty of learning the 
criterion lists independent of fami 
iarity training. This analysis 1" 
dicated that the two lists did not differ 
in difficulty level, ¢ (13) = .60, 2 7 9 . 
A similar analysis on mean errors tO 


DM : ts 
pronounced. The Ss did not verbalize the Criterion yielded comparable um 
stimulus items. L (13) = .26, p>. 08. In all ! 
TABLE 1 
MEANS AND SDs ror ALL MEASURES 
Group 
Measure 4 
RM RNM | IRM | IRNM | ed 
TT ^ z M 22.00 20.00 22.47 19.80 ae 
First-list familiarization trials = 
SD 6.20 4.62 6.79 5.17 
7 
E M M | 1400 | 1220 | 1107 | 12.80 | 19:8 
Test-list trials to criterion 92 
SD | 2413 | 441 | 5.54 | 368 | 5 
7 51.41 
Total errors on test list ud 20:33 29.87 26:47 23.60 25 
SD | 653 | 951 | 1067 | 755 | 15 
ij 9 
M |: ! 214 
Correct anticipationson Test Trials 1-7 38.67 29.33 33.40 34.07 at 
SD! 532 | 636 | 5.82 | 5.85 | 5 


STIMULUS-FAMILIARIZATION INHIBITION 313 


stances, an error was defined as either 
an incorrect response or a failure to 
respond. On the basis of these latter 
analyses the criterion data for Control 
Groups 3 and 4 were combined in all 
subsequent comparisons between these 
groups and the familiarization groups. 
In subsequent discussion the com- 
bined data of these control groups 
will be referred to simply as C-3. 

To ascertain the effects of stimulus 
familiarization of test-list performance 
an analysis of variance was conducted 
on mean number of trials to reach 
Criterion on the PA test list. In this 
analysis one S in Group IRM and two 

S in Group C-3 failed to reach 
Criterion and were assigned a score of 
30. Results indicated a highly signifi- 
cant ; ratio, F (4 70) — 80.87, 
b < 001. Hartley's test revealed 
that the assumption of homogeneity 
of variance could not be met in this 
analysis, Fmax (5, 14) = 1.66, p < 01, 

ut numerous studies have found that 
this violation does not seriously affect 
the application of this statistic 
(Winer, 1962). Individual / tests 1n- 
dicated’ that Groups RM, RNM, 

RM, and IRNM were significantly 
Superior to C-3 (p < -001) but did 
"Ot differ significantly from each 
Other, A similar analysis of me" 
“rors to criterion again yielded highly 
Significant differences between the 
Broups, F (4,70) = 213, P € .001. 

gain, the assumption of homo- 
8eneity of variance cou not be met, 
Ri (5, 14) = 5.3, p € .05. The re- 

T of ¢ tests indicated that Group 
tha; made significantly fewer errors 
b Sur Pupup RAND (28) M. was 
jus: qi, and that Group Pos su 
Bid. Qui df bang significan 2.01 
19 s. t° Group RNM, ! em E 
and TRINA m o e ‘cantly 
from M did not differ sign” ulus 
am: e another. All of the stimu" 

Miliarization groups made signi 


NM OG a O oN Qo 


MEAN CORRECT ANTICIPATIONS 


o 


2 3 4 5 a T 
PRESENTATION TRIALS 


Fic. 1. Criterion paired-associate learning 
over Presentation Trials 1-7. 


cantly fewer errors than did C-3 
(p < .001). 

Figure 1 shows the mean number of 
correct anticipations for the mediated 
and nonmediated groups over Crite- 
rion Presentation Trials 1-7. This 
figure presents the results of the first 
seven trials only because the familiar- 
ization groups were performing at 
essentially the same level beyond the 
seventh trial. The fact that Group 
RM starts at 1.00 on the first trial 
reflects the finding that two Ss in this 
group correctly guessed some of the 
dominant PA responses prior to the 
first anticipation trial. A repeated- 
measurements analysis of variance on 
the first seven trials for the mediated 
and nonmediated groups (excluding 
C-3) indicated that the Treatment, 
Trials, and Treatment X Trials inter- 
action were all significant sources of 
variance (p < .001 for all three ra- 
tios). One S each in Groups RNM, 
IRNM, and IRM reached criterion in 
six trials and was assigned a score of 8 
on the seventh trial. 'The significance 
level for the Trials effect was not 
altered by the Greenhouse and Geisser 
nation procedure for the as- 
1 of equal covariance (Winer, 
Orthogonal comparisons for 


approxir 
sumptior 
1962). 
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the Trials and Treatment X Trials 
effects indicated significant linear 
components for Trials (p « .001) and 
Treatment x Trials (p < .001) and a 
significant quadratic component for 
Trials (p < .001). The quadratic 
component for the Treatment X Trials 
interaction was not significant. 

Individual group comparisons on 
the mean number of correct anticipa- 
tions for Trials 1-7 (see Table 1) 
revealed that Group RM made more 
correct responses than did Group 
RNM, t (28) = 4.39,p < -001; Group 
IRM, ¢ (28) = 2.60, p < .05; and 
Group IRNM, ¢ (28) = 2.27,p < .05. 
Groups IRM and IRNM did not differ 
significantly from one another. A 
Duncan's range test was performed to 
determine the significance of the 
means at cach trial over the four treat- 
ment conditions. Trials 2 and 3 were 
the only trials on which significant 
differences were obtained. Group 
RM made significantly more correct 
anticipations on Trial 2 than did all of 
the other groups (P < .01) and was 
superior only to Group RNM on Trial 
3 (p « .05). 


DISCUSSION 


The results of this study indicate that 
prior PA stimulus familiarization may 
either facilitate or hinder subsequent PA 
learning. While supporting the Under- 
wood and Schulz (1960, Exp. 4) hy- 
pothesis, this latter finding goes con- 
siderably beyond their original formula- 
tion in terms of specifying more precisely 
the nature of the conditions under which 
PA stimulus familiarization may or may 
not inhibit criterion PA learning. Thus, 
in the present study, when the familiar- 
ized syllable reappeared as the stimulus 
in the test-list PA task and when the 
response to be learned in the test phase 
was not a dominant pre-experimental 
word associate of the stimulus employed 
in the familiarization phase (Group 
RNM), inhibition of test-list learning 
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occurred. When the test-list. syllable 
differed from the syllable familiarized on 
the pretest (Group IRNM), however, à 
general “learning to-learn” or “warm-up 
effect was observed (see Group C-3). 

As Murdock (1958) has suggested, the 
inhibitory effects obtained in Group 
RNM also may be interpreted within the 
general framework of negative oe 
theory. Murdock hypothesized that 1 
backward learning occurred during the 
learning of an A-B PA, then the leat 
of a second PA B-C should be hindered 
in accordance with transfer of dap 
theory which predicts negative trena 
in a B-A, B-C paradigm. Glaze 100 o 
association-value nonsense syllables were 
used as both stimuli and responses m 
Murdock's study and his findings, 1 
agreement with the results obtained in 
Group RNM, confirmed this wr 
inhibitory prediction. It should i 
particularly noted, however, that in v P. 
present study an A-B, B-C paradigm 
also produced facilitation effects 1 
Group RM. This latter result is M 
general agreement with Storms' (1958 
finding that backward associations 1" 
ferred from word-association norms can 
reliably act as mediators in facilitating 
PA testlist learning. It is also con- 
sonant with the results of McCormack $ 
(1961) studies which indicate that the 
backward associations of experimentally 
produced mediators can facilitate d 
terion PA tasks. Together with the in- 
hibitory effects found in Group RNM, 
the facilitating effects obtained in GrouP 
RM indicate that the associative rela 
tionships existing among the stimulus 
and response materials employed in first- 
and second-list PA learning under 2? 
A-B, B-C paradigm are critical variables 
in determining whether prior PA stimu- 
lus familiarization will facilitate or in^ 
hibit criterion PA learning. 
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Agree oi o. d, sie is o 
INTERPAIR INTERFERENCE AS A FUNCTION OF LEVEN 
OF PRACTICE IN PAIRED-ASSOCIATE LEARNING 


SAM C. BROWN? 


University of Virginia 


3 experiments, each designed to test the hypothesis that interference 
from other pairs in a paired-associate (PA) list first increases and then 
decreases during learning, involved the presentation of pairs to be 
learned in a list also containing either previously learned (L), unlearned 
(U), or new (N) pairs. While the results of Experiments I and II were 


inconclusive, Experiment ITI revealed 
U pairs of a medium degree of practi 
cantly and nonmonotonically related to the de 
on the interfering pairs, being minimal for N 
in addition to demonstrating both the 


repetition, argue against all-or- 


Interference as an explanatory con- 
cept in verbal learning has been com- 
monly invoked in studies of retention 
and transfer (e.g., Postman, 1961, 
1963a; Underwood, 1957; Underwood 
& Postman, 1960). However, rela- 
tively little attention has been directed 
toward interference as a phenomenon 
occurring within the learning of a 
single list, attributable to interactive 
effects among the various items con- 
stituting the list (Irion, 1959). A 
notable exception has been Gibson’s 
(1940) formulation based on the con- 
cept of stimulus generalization, but 
this has been subjected to increasing 
criticism due to its restrictiveness and 
limited empirical relevance (Under- 
wood, 1961), as well as the operational 


1Experiment I, supported in part by the 
Cooperative Research Program of the United 
States Office of Education, is based in part 
upon a master’s thesis, and Exp. II and III, 
supported both by a Public Health Service 
fellowship (MPM-18,527) and Grant M-5769 
from the National Institute of Mental Health, 
Public Health Service, represent portions of 
a PhD dissertation, both submitted to the 
Graduate School of the University of Virginia 
in partial fulfillment of the respective degree 
requirements. The author is indebted to 
William F. Battig for his invaluable assistance 
during all stages of this investigation. 

? Now at Kansas State University. 


maximal interference produced by 


ce. Such interference was signifi- 


gree of previous practice 
and L pairs. These results, 
facilitory and inhibitory effects of 


none interpretations of PA learning. 


ambiguity of the concept of stimulus 
generalization itself (Battig, 1959; 
Gibson, 1959; Murdock, 1958, 1959; 
Runquist, 1959). The present re 
search was directed toward a more 
generally satisfactory empirical de- 
scription of the role of interference ! 
paired-associate learning produced by 
other pairs within a single list, terme“ 
interpair interference (IPI). ^ 

A number of considerations, similar 
to those leading to Gibson's (1940) 
formulation concerning stimulus ge^ 
eralization, suggest that IPI should 
vary in magnitude over the course © 
learning, reaching a maximum at some 
intermediate stage of the learning 
process. That is, in order for items t° 
interfere with the learning of one an- 
other, something must initially be 
learned about them. Likewise, inso- 
far as S achieves errorless perform- 
ance, IPI should decrease late in lear” 
ing. Therefore, it seems reasonable t? 
expect less IPI from pairs character 
ized by relatively low (e.g., new pan 
presented for the first time) and hig? 
levels of performance (e.g. p 
previously responded to correctly 
than from some class of previously 
presented pairs which have not bee? 
responded to correctly, designate 
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herein as unlearned pairs. An experi- 
mental test of these predictions was 
the major concern of the present 
series of investigations. 


EXPERIMENT | 
Method 


Subjects—The 80 paid Ss were mostly 
Summer session students at the University of 
Virginia, the majority of whom had previously 
participated in other verbal-learning €x- 
Periments. 

,. Part I procedure 
identical paired-associate lis 
Syllable pairs to a criterion of at least 6 out 
of 12 pairs correct. Each learning trial began 
With the successive presentation of all 12 
pairs through an automatic 2 X 2 in. slide 
Projector, followed immediately by a recall 
Series, during which only the stimulus syl- 
lables of each pair were exposed in à different 
order, and S attempted to pronounce the 
Appropriate response. During the recall 
Series a. shutter operated by E was lowered 
Over the projection screen so that only the 
Stimulus member of each pair was exposed. 
A S-sec. rate (4-sec. exposure, 1 sec. between 
Successive slides) was maintained throughout 
cach trial, with a 30-sec. interval between 
trials and between alternating presentation 
and recall series within each trial, to permit 
rearrangement of the slide order for the next 
Series, 

Upon entering the experimental room each 
» ea seated in front of a projection screen, 
Nhich shielded him from £ and the apparatus. 

Ypical instructions for paired-associate 
“arning were given, but no mention was 
made of the performance criterion. | 7 

Part IT procedure —After reaching Cri- 


teri E 
terion, each § was allowed a 5-min. rest 
signment Was 


the basis that 


HB number of Ss (20), total errors, and vari- 
ility of scores be match 


—All Ss practiced upon an 
t of 12 nonsense- 


interva " 
f 12 paired 
jSsociates, with the four groups diene a 
of previous experience with these pas: 
pecifically, three sets of pairs d (t 
pag ished; designated as (a) learne ctly 
bra (those previously responded to fios 
Previs Part I); (b) unlearned (U) pa eser 
iously seen during Part p pae AS 


responded to correctly); and (c) new (N) 
pairs which were never seen on Part I. 4 

Each of the four groups learned a list 
representing a different combination of these 
L, U, and N pairs, as follows: 


1. Group L-U (learned-unlearned). The 
Ss continued to learn both the set of six L and 
six U pairs of Part I. 

2. Group L-N (learned-new). The six L 
pairs of Part I were retained in the second 
list along with six additional N pairs replacing 
the U pairs. 

3. Group U-N (unlearned-new). The 
second list consisted of the six U pairs from 
Part I along with six N pairs which replaced 
the set of L pairs. 

4. Group N-N (new-new). The Ss were 
required to learn 12 N pairs, 6 of which were 
the same as those used in Groups L-N and 
U-N. 


Since it was not always possible to ter- 
minate S’s performance on Part I when 
exactly six pairs were responded to correctly, 
some of the pairs included in the U sets of 
Groups L-U and U-N were, in fact, pairs 
responded to correctly on Part I. In such 
instances, the sixth pair recalled correctly 
was treated as an L pair, and all remaining 
nated as U pairs on Part II, The 
number of these pairs included in the U sets 
was approximately the same in both groups, 
being 1.1 and 0.9 per S in Groups L-U and 
U-N, respectively. However, an adjusted 
U score, employed for all Part II analyses, 
was tabulated separately for each S in Groups 
L-U and U-N. This consisted of the average 
number of errors per pair for those pairs in 
vhich were not responded to cor- 


pairs desigt 


the U set v t re d 
rectly on Part I, multiplied by six, the 
number of pairs included in the U set on 
Part II. 


The procedure used in Part II was identical 
to Part I, except that Ss were required to 
learn the second list to a criterion of two 
successive perfect trials or to a maximum of 
seven trials. In addition, prior to presenta- 
tion of the Part II list, all Ss were told that 
some of the pairs in Part II might be new. 
Materials. —Twenty-four nonoverlapping 
pairs of nonsense syllables, each with an aver- 
association value (Archer, 1960), 
were selected from a larger pool of pairs used 
(Brown & Battig, 1962, 
The 24 pairs were divided into 
four sets of 6 pairs which were approximately 
equal in mean number of errors made by 
different Ss in the previous study, variability 
of these scores, and similarity of the items 


included within each set. 


Exp. ID. 
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Two of the sets were combined into a 
single list of 12 pairs used in Part I, while the 
remaining two sets constituted the N pairs 
which were used in Part II. Moreover, one 
of these new sets (employed in Groups L-N 
and U-N) could be combined with any 6 
pairs of the Part I list, or with the other set 
of N pairs, in a manner which would yield 
lists comparable in intralist similarity with 
the initial 12 pairs of Part I. 


Results 


The effects of IPI were determined 
by comparing the mean number of 
errors made on Part II on the same 
set when learned with different sets of 
pairs. While performance on the L 
set was slightly better in Group L-N 
(4.3) than in Group L-U (6.0), this 
difference failed to reach significance 
by analysis of covariance (F <1) at 
the .05 level, the criterion of signifi- 
cance for all analyses to be reported. 
Likewise, little difference in perform- 
ance on N pairs was evident in the 
U-N (16.0) and N-N (16.9) groups 
(F « 1). Therefore, the postulation 
that IPI would increase to a maximum 
early in learning was not supported. 
However, Group L-U (12.9) was sig- 
nificantly superior to Group U-N 
(17.9) on U pairs, F (1, 37) = 7.72, as 
was Group L-N (13.5) to Group N-N 
(16.9) on N pairs, F (1, 37) = 4.64. 
Similarly, fewer errors were made on 
the N set by Group L-N (13.5) than 
by Group U-N (16.0). Although this 
latter difference was not significant, 
F (1,37) = 2,34, significantly fewer 
errors were made on the first three 
trials on the N set by Group L-N 
(10.1) than Group U-N (11.9), 
F (1, 37) = 4.53. Therefore, all com- 
parisons consistently show L pairs to 
produce less interference than U and 
N pairs, in support of the original 
hypothesis. 

Analyses of errors preceding (before 
errors) and proportion of errors follow- 
ing the first correct response to each 
Pair (proportion of after errors), as 
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well as mean errors on the first trial, 
all revealed results substantially the 
same as those obtained using total 
errors, except that only U pairs 
evidenced significant and differential 
sensitivity to interference on the first 
trial as determined by the L-U (3.4) 
and U-N (4.3) group comparison, 
F (1,37) = 4:78: . 

In addition to the evaluation of 
IPI, performance on sets differing in 
Previous practice was compared di- 
rectly, when each was learned con- 
jointly with the same set of pu 
Mean errors on U and N pairs provet 
to be virtually identical when ge" 
pared between (a) Groups L-U (Ui 
and L-N (13.5); (b) Groups U- 
(17.9) and N-N (17.7 for both N sets 
combined); and (c) U (17.9) and N 
(16.0) sets within Group U-N. How- 
ever, in cach instance, U pairs dis 
played significantly fewer errors On 
the first two trials, and more on sub- 
Sequent trials, than did N pairs, 2$ 
shown by extended-trend analysis © 
variance (Grant, 1956), which pe 
vealed the slopes of the N learning 
curves to be significantly steeper than 
those for the U sets, all Fs (1, 38) 
> 4.94, 


EXPERIMENTS II Anp III 


The failure to find maximal IP! 
produced by U sets in Exp. I may 
indicate that (a) the degree of learning 
of these U pairs had proceeded beyon 
the point of maximal IPI, particularly 
since some of the U pairs employed 0” 
Part II were actually L pairs, ( 
maximal IPI is produced by N pairs 
after a single Presentation, and such 
interference does not decrease sub- 
stantially until relatively late La 
learning, and/or (c) the L and N pairs: 
upon which such IPI was measured: 
were insufficiently sensitive as indexes 
for detecting differential interfering 


T 
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effects. Consistent with the latter 
Suggestion is the fact that only U 
Pairs were found to be differentially 
interfered with on the first trial of 
Part HI, at which point any differences 
in IPI between sets should have been 
most evident. 

" Consequently, modifications were 
introduced in Exp. H and HT in order 
to (a) more adequately represent 
various degrees of learning by dis- 
Unguishing between three different 
Sets of U pairs varying in degree of 
Previous practice; and (b) provide 
More sensitive indexes for the meas- 
urement of [p], through the use of 
pee [s 5 of less difficult word- 
Agram pairs. Previously learned pairs 
Were included for the attempted meas- 
urement of IPI in Exp. II, but were 
eliminated in Exp. I1 because of their 
demonstrated insensitivity for this 
Purpose, 


Meth od 

experiments were 
es were basically 
ntly be described 


cong oigh two separate 
alike pa bati procedur 
togcthag” “To mesi eflicie 
expe jects —The 120 paid Ss, 60 in each 
oPullation’ were selected from the same 
Were mite as that used in Exp. I. Three Ss 
Instr iminated for either failure to follow 
Uctions or refusal to try to learn the list, 

o nom. from five other Ss were discarded 
€ satisfactorily match the groups. 


Practie I procedure —As in p. Lb all 5s 
alto ced upon an identical list of pairs, 
ugh all pairs responded to correctly for 


the first ti 
the mae time (L pairs) were di 


is : 3 
St at the completion of t 


scarded from 
hat trial on 


Whi 

ic 

Ex h that correct response occurred. In 

Selected | two additional pairs, randomly 
d from those never responded to cor 


ved from the 


Pairs), were also remov 
two L pairs, 


at pes S along with the first 
In p aside for subsequent use on Part II. 
With, ; III, three U pairs were removed, but 
2i e first L pair. As a consequence, 
Wen of pairs remaining in the list under- 
ang 4. Progressive decrease from trial 


| to trial, 
d E T E als 
Served t5 number of eliminated L pairs also 


define the various learning criteria 


upon which experimental manipulations in 

Part II were based (as described below) 
Other procedural details were identical to 
those of Exp. I, except for a 3-sec. presenta- 
tion and recall rate, and instructions to S to 
always pronounce the word and spell the two 
letters of the bigram of each pair. The Ss 
were also told about the removal of the pairs 
from the list, although no mention was made 

of the particular contingencies involved. 
Based upon either the number of correct 
responses on the first trial or the number of 
trials required to respond correctly to at 
least one pair, Ss in both experiments were 
divided into five matched groups. The groups 
differed principally with respect to criterion 
of first-list learning, expressed in terms of 
total number of different pairs responded to 
correctly. In accordance with the degree of 
practice of the particular pairs of Part I used 
subsequently in the second list on Part jm 
the five groups in both experiments represent 
and will be referred toas (a) Group L (learned 
pairs), (b) Group U-H (unlearned pairs of a 
high degree of practice), (c) Group U-M (un- 
learned pairs of a medium degree of practice), 
(d) Group U-L (unlearned pairs of a low 
degree of practice), and (e) Group N (new 
pairs never seen during Part D). Table 1 
presents the learning criteria, differing slightly 
for Exp. IT and III, for each group. One 
Ss in Group N learned to each of 


third of the . t 
the three criteria used for the corresponding 


unlearned groups. 
Part II procedure. 


—After reaching criterion 
on the first list, each S engaged in a 5-min. 
number-cancellation task, during which time 


E rearranged the materials for use with the 
Part IL list. The second list consisted of two 


sets of six word-bigram pairs each, designated, 
respectively, as IPI measuring pairs, which 
were equivalent for all groups and upon which 
IPI was actually measured, and IPI pro- 
ducing pairs, which were systematically differ- 
ent for each of the five groups and constituted 
the source of IPI. For Group L the producing 


TABLE 1 
Part I LEARNING Crirerta (Toral PAIRS 
RESPONDED TO CORRECTLY) FOR EACH 
Group IN Exp. IT AND TIT 


Groups 

Exp. |- 
j^ U-H U-M U.L 
8-10 S= 2-4 


ĮI | 8 or more 
III | 7 or more 
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pairs were the last six L pairs from the first 
list of each S (all having been responded to 
correctly once on Part I). For the three un- 
learned groups, these producing pairs were 
randomly selected from the pool of unlearned 
pairs remaining in each S's first list after 
reaching the appropriate first-list learning cri- 
terion. Since Groups U-L, U-M, and U-H 
learned the first lists to progressively in- 
creasing levels of mastery, thereby resulting 
in concomitant increases in the amount of 
practice on the remaining U pairs, these will 
be referred to, respectively, as unlearned-low, 
unlearned-medium, and unlearned-high pro- 
ducing pairs. For Group N, the same six new 
producing pairs were used for all Ss in both 
experiments, none of which were seen on 


Part I. 


In Exp. II, three subsets of measuring 
pairs were employed, two of which consisted 
of the first two L pairs and the two U pairs 
simultaneously removed from the first list, 
while the third was comprised of two N pairs 
which were identical for all Ss, but selected 
so as to be easier to learn than other pairs in 
the list. Since preliminary analysis of Exp. II 
revealed virtually perfect performance by all 
groups on the two L measuring pairs, this 
subset was eliminated in Exp. III, and an 
additional pair was added to both the U and 
N subsets, thereby reducing the number of 
subsets to two. Consequently, in Exp. III, 
these subsets consisted of the three U pairs 
removed from the first list of each S at the 
time of the first correct response, and of three 
N pairs, two of which were identical to those 
used in Exp. II. 

In each experiment, the procedure em- 
ployed in Part II was identical to Part I, ex- 
cept that (a) learning of the second list was 
carried out to a criterion of one errorless trial 
or to a maximum of 18 trials; (b) presentation 
of stimulus terms for attempted response 
recall was under self-paced conditions, and 
(c) no pairs were removed from the list. 

Materials.—Twenty-seven different word- 
bigram pairs, consisting of three-letter words 
of 98-100% association value (Archer, 1960) 
and two-letter bigrams of minimal frequency 
of occurrence in the English language, were 
selected from those used in a previous study 
(Battig & Nelson, 1962). 

Eighteen of the pairs constituted the first 
(Part I) list for all Ss, whereas 6 others 
represented the N producing pairs learned in 
Part II by Ss in Group N. Both groups of 
pairs were approximately equal in mean 
proportion of correct responses and inter-S 
variability in the Battig and Nelson (1962) 


study. The remaining 3 pairs, constituting 
the N measuring pairs, were also Hiomageneuus 
in difficulty of learning, but were, on Kus 
average, learned more rapidly by Ss in | i 
previous study. Moreover, these N meta 
ing pairs could be combined with te Ex 
producing pairs and/or any of the 18 pa " 
from the first list so as to yield lists of pd 
and comparable intralist similarity on Part Hl. 


Results 

Some Ss in both Exp. H and n 
exceeded the first-list learning M 
terion of the group to which originally 
assigned, as determined by the — 
ing criterion. However, cd gee 
tary Part I] analyses based ee 
upon (a) reassignment of Ss on Y 
basis of actual first-list learning m 
teria, or (b) average rather p 
individual performance measures ( d 
those Ss assigned to different m 
but who achieved the same first- e 
criterion) revealed results gn 
tially the same as those based ps » 
the original groups. "Therefore, y 
data and analyses based upon k 
latter procedure will be reported. " 

Mean total errors made by the p 
groups in cach experiment on the E 
of Part II measuring pairs are pum 
sented in Fig. 1. A consistent de 
crease in errors from new to learn? 
producing pairs, with the three ^ 
learned groups intermediate betwee 


MEAN TOTAL ERRORS 
IPL MEASURING PAIRS 


[] UL UM ut 


IPI PRODUCING PAIRS 


and III. 


1 
Y T 4 rh 
set of | 
Fic. 1. Mean total errors on the ip Ir 
measuring pairs for each group of E: 


M 
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them, is clearly shown in Exp. II, 
leading to a significant linear com- 
ponent by extended-trend analysis 
of variance, ¥ (1, 54) = 9.95, for the 
IPI function in Fig. 1. In cont m 
errors on measuring pairs in Exp. 
IIL increased progressively from new 
through unlearned-low producing 
Pairs, reaching a maximum for un- 
earned pairs of a medium degree ol 
Practice and decreasing again from 
Unlearned-high to learned producit 
Pairs. Only the quadratic component 
9f the IPI function for Exp. III was 
Significant, F (1, 54) = 4.59, thereby 
rectly supporting the original hy- 
Pothesis, All other orthogonal com- 
ponents of both IPI functions were 
"Significant (all Fs < 1)- Measures 
et before and after errors, and of trials 
O criterion, were basically similar to 
jose presented in Fig. 1. 
hat the relationship found in Exp. 
on P due primarily to performance 
the U and N subsets of measuring 
Mis Was indicated by the nearly 
Jdem shapes of the IPI pi qeu 
n zi " M E th 
irtually tw o, subsets, along wi. B. 
8roups perfect performant E. 
The a on the two L measuring pum. 
ited es of the IPI functions ob- 
€mplo with the U and N subsets 
yed in Exp. I were also similar 
no significant 

the U and 
all Fs (1, 55) 


o 
is 


O 
pe another, and 
actions involving 


Irve 
S were eb 
lite Te observed, 


int 


I E E 
E RA agreement with similar compari- 
Sec ae in Exp. I concerning the 
in, On performance of differences 
i 


H nr : 
n p Yious practice, total errors made 
(15.2) and 


ave P. III on the L 
producing 


e 
Pairs "5 U (17.7) sets of. he 

ica not differ significantly y 
Svo. Sis of Covariance (F < 1): ee 
Signife, Producing pairs displaye 
tri; Cantly fewer errors 0n the first 
Went. Part II and more On subse- 
trials, than did N producing 


pairs, as indicated by a significant 
difference in the slopes of the two 
curves, F (1,44) = 6.17. In Exp. II, 
however, not only were significantly 
more total errors made on the N (24.5) 
than on the average U (15.6) sets of 
producing pairs, F (1, 43) = 5.69, 
but this difference was maintained 
throughout Part II. 

Additional comparisons of interest 
in both experiments showed (a) the 
IPI functions depicted in Fig. 1 to 
reflect primarily proportion of omis- 
sion rather than overt errors; and (b) 
a consistent decrement in performance 
on unlearned-low through unlearned 
pairs of a high degree of practice (with 
the learned producing pairs markedly 
superior to all other sets). This latter 
finding suggests the differential IPI 
effects observed on measuring pairs 
not to be exclusively attributable to 
the greater difficulty of the U pro- 
ducing pairs, since more errors were 
made on unlearned-high than un- 
Iearned-low and medium producing 
1 both experiments. 

The major discrepancy between the 
two experiments lies in the perform- 
ance of Group N. This group in Exp. 
II made more errors On the six N 
producing pairs than did Group N 
in Exp. on these same pairs, 
despite the lesser difficulty of the Exp. 
II list due to its inclusion of two L 
measuring pairs. Moreover, two Ss 
accounted for 477% of the Group N 
errors on measuring pairs 1n Exp. Il 
‘mination of the data for 


(although eli t a 
these two deviant Ss still failed to 


bring these differences in line with 
Exp. HI). Consequently, the dis- 
crepancies between the two IPI func- 
tions must at least partially reflect the 
use in Exp. III of lower degrees of 
practice on producing pairs for the 
three unlearned groups, and of more 


sensitive measuring pairs. 


pairs it 
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DiscussioN 

Despite the differences between the 
three experiments, it may be concluded 
that the present results offer rather con- 
clusive evidence for the existence of IPI 
in paired-associate learning, and clearly 
show that performance on any given pair 
is not independent of other pairs in the 
list. Furthermore, in view of the greater 
procedural adequacy and sensitivity of 
Exp. III, it also appears that such IPI is 
maximal for pairs of low to moderate 
degrees of practice and learning. To the 
extent that the latter findings are reli- 
able, these results not only demonstrate 
both the facilitory and inhibitory effects 
of repetition, otherwise completely con- 
founded in the typical paired-associate 
task, but also support the notion that the 
use of only one value of U pairs in Exp. 
I may have been responsible for the 
failure in that experiment to find differ- 
ences of IPI between U and N pairs. 

That the differences in IPI observed in 
the present experiments may reflect dif- 
ferential attention by Ss to the various 
sets of producing pairs seems a definite 
possibility, particularly since in both 
Exp. II and III differential IPI was 
found to be primarily attributable to 
omission errors, which under the present 
self-paced conditions would reflect pri- 
marily inattention to these measuring 
pairs. However, it is not at all clear 
why Ss would concentrate more on un- 
learned-low and medium producing pairs 
than on unlearned pairs of a high degree 
of previous practice. Nevertheless, the 
fact that minimal IPI was produced by 
learned pairs, in all three experiments, 
strongly suggests that Ss may effectively 
ignore previously correct pairs and con- 
centrate primarily on the remaining pairs 
in the list. 

The fact that U pairs produced differ- 
ential interference and that fewer errors 
were made on U than N pairs on early 
trials of Part II in Exp. I and III (despite 
the greater difficulty of these U pairs as 
evidenced by subsequent inferior per- 
formance on this set) clearly indicates 
that something had been learned about 
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art 1, contrary to all-or- 


Bower, 1962; 


the U pairs on P 
none interpretations (e.g, c 
Estes, 1960; Rock, 1957), but in agree- 
ment with other investigations (e.g» 
Battig, 1962; Postman, 1963b; — 
wood & Keppel, 1962; Williams, 1962): 
Moreover, since N pairs produced logs 
interference than any class of U p 
employed in Exp. HI, failure to fin de 
facilitating effect of repetition BE an) 
correct pairs under the Rock d a 
repetition condition may rafet i 
greater interfering effects pease 
these U pairs as compared with pee 
pairs used in the nonrepetition cond t by 
as also suggested independently i a an 
Kristofferson (1961) and by Clark, ba 
ford, and Dallenbach (1960). —. 
Although limited to a description ig 
changes in IPI over the course of learn 
a single list of paired as 
approach taken herein ap 
tially useful not only for the 
and precise specification of mec 
responsible for IPI, but also for 
elucidation of variables related t9 $ 
(PL, 


ation 


uch 


REFERENCES 


an- 

ARCHER, E. J. A re-evaluation of the ams. 

ingfulness of all possible CVC ma No 
Psychol. Monogr., 1960, 74 (10, Whole 


497), TT 
Barrio, W. F. Comment on “Intralist Pa 
eralization in paired-associate learnt! 

Psychol. Rev., 1959, 66, 338-339. sing 
Barri, W. F.  Paired-associate enr on 
under simultaneous repetition anc ychol 

repetition conditions. J. exp- e 


1962, 64, 87-93 
Barrio, W. F., & Nersox, D. Effect ce 
of material and previous experie™ citi 
paired-associate learning under nw 
and nonrepetition conditions. Cant 
Psychol., 1962, 16, 106-111. 1 
Bower, G. H. An association aired" 
response and training variables in P 1962 
associate learning. Psychol. Re» 
69, 34-53. 441 serit 
Brown, S. C., & Barric, W. F. Part red: 
position constancy in nonseria! ^d 
associate learning. J. verbal Lear? 
Behav., 1962, 1, 42-47. 
CLARK, L. L., LaNsronp, T. 
BACH, K. M. Repetition and 25 


of ind 
on 
ion 


Je 


mode 


INTERPAIR INTERFERENCE IN PAs 


E Amer. J. Psychol, 1960, 73, 
STES W. K. Learning theory and the new 
mental chemistry.” Psychol. Rev., 1960, 
67, 207-223 i 
Ginsox, E, ji 
"d concepts of general 
iation to verbal learning. 
HM 47, 196-229. 
BSON, E. J. : 
ization., g i 
n D. Analy 
p» analysis and com 
Turo ol Bull., 1956, 53, 141-15 
(isd A. L. Rote learning. 
V "We Psychology: A study 
Do IL. New York: McGraw- 
s P. 538-560. 
uc ORB isoN, A. B. Repe 
2036-2031. learning. Science, 1961, 
iADOCK, B. B., JR. 
tone esete learning. 
ffo 8, 65, 306-314. 
RDOCK, B. B., JR. 
ibson, and Runquis 
m 315.346. unquist. 
SAND L. The present status of interfer- 
Bes theory. In C. H. Cofer (Ed), Verbal 
M Ge and verbal behavior. New York: 
eGraw-Hill, 1961. Pp. 152-179. 


A systematic application of 
ization and differ- 
Psychol. Rev., 


sxamination of general- 
1959, 66, 340-342. 
of-variance tests in 
parison of curves. 
28 

In S. Koch 
of a science. 
Hill, 1959. 


tition and paired 
134, 


Intralist generalization 
Psychol. Rev. 


to Battig, 


A reply 
, 1959, 


Psychol. Rev. 


323 


PosrwaN, L. Does interferenci 

dict too much forgetting? paesi: d 
dial Behav, 1963,2, 40-48. (3) — 

POSTMAN, L. One-trial learning. In C. H 
Cofer & B. S. Musgrave (Eds.) Verb 1 
behavior and learning: Problems and Pr $ 
esses. New York: McGraw-Hill 1953. 
Pp. 295-321. (b) D 

The role of repetition in associative 
Amer. J. Psychol., 1957, 70, 186- 


Remarks on "Intralist 
paired-associate learn- 
, 1959, 66, 313-344. 


RexQUisT, W. N. 
generalization in 
: ing." Psychol. Rev. 
UxpERwoop, B. J. Interference and for- 
: getting. Psychol. Rev., 1957, 64, 19-60. 
UNDERWOOD, B. J, Aü evaluation of the 
Gibson theory of verbal learning. In C. H. 
Cofer (Ed.), Verbal learning and verbal 
behavior. New York: McGraw-Hill, 1961. 
Pp. 197-217. 
Uxperwoop, B. J., & KEPPEL, G. One-trial 
learning? J. verbal Learn. verbal Behav., 
1962, 1, 1-13. 
Uxperwoop, B. J., & POSTMAN, L. Extra- 
experimental sources of interference in 
forgetting. Psychol. Rev., 1960, 67, 73-95. 
WiLLIAMS, J- P. A test of the all-or-none 
hypothesis for verbal learning. J. exp. 


Psychol., 1962, 64, 158-165. 
(Received May 18, 1963) 


al of Experimental Psychology 
e vil. 67, No. 4, 324-329 


PREDICTION OF AUDITORY DISCRIMINATION LEARNING 
AND TRANSPOSITION FROM CHILDREN 5 
AUDITORY ORDERING ABILITY ! 


DONALD A. RILEY, JOHN P, McKEE, axb RAYMOND W. HADLEY 
University of California, Berkeley 


Initially, 1st- and 3rd-grade children were pretested with visual stimuli 


and found to understand the concept of order. a à 
Experimental Ss received in succes- 


The Ss in each grade 


sion training in auditory ordering, then auditory discrimination learning, 


and finally a test of auditory transposition, 


For $ the experimental Ss 


ed the same as experimentals excep? 
g in auditory ordering. 3rd-grade Ss 


ordered auditory stimuli more readily than Ist graders, and they also 


e correctly. 


nd also learned faster, transposed 
more, and verbalized more correctly, 


hypothesis that auditory discrimin: 


Intensity Ss ordered 


These experiments confirm the 


ation learning and transposition arc 


related to ability to place the stimuli in order. 


Previous papers have reported that 
first-, second-, and third-grade chil- 
dren and college students learned a 
12-db. loudness discrimination rather 
easily and generally transposed when 
tested immediately after learning 
(McKee & Riley, 1962; Riley & Mc- 
Kee, 1963). Age differences in learn- 
ing and transposition were not signifi- 
cant. The results for similar Ss 
trained in a 500-cycle frequency 
discrimination were different: the fre- 
quency problem was more difficult to 
learn; it became easier as age in- 
creased ; and the frequency Ss did not 
transpose significantly more often 
than chance. Indeed, when testing 
conditions permitted, frequency Ss 
showed a significant tendency to make 
the absolute choice rather than the 

1 This research was supported in part by 
Grant 06811 from the United States Public 
Health Service and in Part by a grant from 
the National Science Foundation to the 
Center for Human Learning. 

We are greatly indebted to C. H. Wenner- 
berg, Robert Muscio, Frank Wylde, and 
Orville Sipe of the Berkeley Public Schools for 


their helpfulness in making available children 
and testing facilities, 


relative one when tested for E 
position. Since the frequency eH a 
ence was slightly more discriuno 
than the 12-db. amplitude differen f 
the learning differences could not, HE 
attributed to differences in discri! 
inability. k to 

The present experiments Sees ES 
determine whether the different e 
sults for frequency and amplitude ei 
related to differences in .Ss' abili 
to place such stimuli in the corr? 
order from high to low or from lo" 
to soft. 


MrTHOD 
Subjects 


de 
One hundred and thirteen . first 
Children and 85 third-grade children "ja. 
three different schools in Berkeley, E class 
served as Ss. All schools serve mi s are 
neighborhoods. Two of the three schoo 5 orj- 
the same as those used in the previous » rder» 
ments. The Ss, taken in alphabetical seri" 
were assigned in rotation to the various earn 
mental conditions. If an S failed to itio": 
the next S was assigned to that con igned 
Among first graders, 26 of the 66 5S ara to 
to frequency-discrimination groups ad to 
reach criterion and 7 of the 47 Ss who " de 
make a discrimination based on amP "m 
failed. Among third graders 4 of t 
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frequency Ss and 1 of the 41 amplitude Ss 
failed to learn, 


Experimental Procedure 


Visual pretraining —To make certain that 
© could arrange stimuli in order when asked, 
each S was given visual pretraining in which 
Was presented with four strips of black card- 
board .5 in, wide and 1, 1.5, 2.25, and 3.4 in. 
long and was asked to “Put these in the right 
Order." If the child failed to respond he was 
asked to “Make them go the right way.” 
he still failed to respond E demonstrated, 
then mixed them up and said, Now you do 
I" In addition, all Ss were given identical 
Pretraining with four grays all of the same 
ae Their reflectances were 30, 24, 17, and 
^. Half the Ss began with the grays and 
valf With the lengths. As soon as S was 
Successful he was asked why he had arranged 
€ stimuli as he had and then proceeded to 
€ second half of the pretraining. 
95 he four sizes were ordered correctly by 
o of the third-grade Ss and 82% of the 
Stgrade Ss on the first trial. Ordering by 


bri Or 
tice htness was slightly more difficult, par- 

ularly for firs -grade Ss, but even ae 
For 


te successful within five trials. F 
regy Srade Ss, the mean number of triath 
and d to reach one correct ordering was I. 
or third graders it was 1.2. i . 
visual or ordering and tra ining —F uve 
Stroup, Pretraining Ss were divided into four 
Control One group, Group F-C, which was a 
trained for the effect of visual ordering, was 
iscri „on the same 500-cycle frequency 
Se, nq tation used in previous studies; the 
9n the Control group, Group A-C, was traine 
useq ^ Same 12-db. amplitude discrimination 
Previously, The third and fourth groups 
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received auditory ordering prior to dis- 
crimination training. They were shown four 
identical 4X 3X 1} in. boxes containing 
2i-in. Galvin speakers that produced tones 
when they were lifted from the table. Hew- 
lett-Packard and Grason-Stadler audio oscil- 
lators generated the tones. For the third 
group (Group F-E) the speakers emitted 
different frequencies—1,125, 1,500, 2,000, and 
2,666 cps—all equated in loudness to the 
2,000-cps tone which was approximately 85 
db. at the speaker. For the fourth group 

(A-E) the speakers emitted a 2,000-cycle tone 

of approximately 109, 97, 85, and 73 db. at the 

speaker. (The amplitude drop from speaker 

to ear was about 20 db.) The apparatus was 

demonstrated to the child and auditory order- 

ing then proceeded in exactly the same fashion 

as the visual pretraining. Auditory ordering 

continued for a maximum of seven trials or 

until the child responded correctly on two 

consecutive trials. 

Following this auditory ordering, Group 
F-E learned a 500-cycle frequency discrimina- 
tion and was then tested for frequency 
transposition. Group A-E learned a 12-db. 
amplitude discrimination and was then tested 
for amplitude transposition. Table 1 shows 
the overall design of these experiments which 
was applied to both first- and third-grade Ss. 
Twenty Ss were trained to criterion and 
tested for transposition in each of the four 
conditions in both grades. : 

In the discrimination learning part of the 
experiment, Ss were trained to a criterion of 
nine correct responses tn 10 consecutive trials. 
Furthermore, every S was trained for at least 
20 trials. If S was not at criterion perform- 
ance on the twentieth trial, training continued 
until it was reached. The Ss who did not 
reach criterion in 40 trials were discarded. 


TABLE 1 
au [EXPERIMENTAL DESIGN F 
= i Groups 
b 
Tocedure -- == AE 
F-C des (Frequency- (Amplitude- 
ae Ceara a CORSO 3 Experimental) Experimental) 
E : Length and 
ret th and Length and engi 
Augetraining Ec Leo ghtness brightness brightness 
1 H 
acidering N None Frequency Amplitude 
Ito, one i 
discri i Amplitude 
Trancimination Frequency Amplitude Frequency pl 
tes ition ý s Amplitude Frequency Amplitude 
requen 
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In both experiments the same counter- 
balanced order of presentation (high or low 
tone first; loud or soft tone first) was used. 
In each experiment the high (or loud) tone 
was "right" for half the Ss, and the low (or 
soft) tone was “right” for the others. 

The E first sounded the two tones in close 
succession (about a 1-sec. interval) and asked 
S if he heard the two tones. When the child 
responded positively, E then told S that one 
of the tones was right and one was wrong. 
The E then sounded the right and wrong 
tones. He never described the tones in terms 
of loudness or pitch; he simply referred to 
them as "right" or wrong." Aftera number 
of illustrations with both temporal sequences, 
E said, “Sometimes the first tone is the right 
one and sometimes the second tone is the 
right one.” The E illustrated cach possibility, 
He then said, “Now I am going to make a 
number of these and each time I want y 
tell me whether the right tone is first or sec- 
ond." Trial-by-trial training then began. 
Reinforcements consisted of "right," “yes,” 
“good for you," and so on. When S made 
several consecutive wrong responses, E rein- 
structed him and gave examples of the right 
and wrong tones, 

Transposition testing —Immediately fol- 
lowing training, and with no pause in the 
procedure and no comment, each S who 
reached the criterion was tested with a trans- 
position series of 10 trials, all of which were 
reinforced. Half of each training group was 
tested with the higher (louder) of the training 
stimuli and a yet higher (louder) test stimu- 
lus; the other half was tested on the lower 
(softer) of the two training stimuli and a yet 
lower (softer) test stimulus. 


ou to 


TABL 
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TABLE 2 


NUMBER OF Ss Wuo First CORRECTLY 
RED AUDITORY STIMULI ON 
SUCCESSIVE TRIALS 
» 7 si — 
| Trial 1 | Later Trial | Never 
=e — N 
First grade . " ia 
Frequency 8 0 
Amplitude 13 
Third grade á " 
Frequency 14 : 1 
Amplitude 20 
u l| ue. 
E SÉ "i a e ater 
Note.— This table includes both the 80 Ss who l 


imináti . 17 who did not. 
learned the discrimination task and the 17 wh 


RESULTS 
Ordering.—Table 2 shows the um 
on which .Ss were first able to ak 
the auditory stimuli correctly. pes 
first- and third-grade Ss ordered a! " 
plitudes more readily than fna 
For the first grade, x? (2) = ien 
p < .01; for third grade, x? (1) = ?- a 
p «.05. In addition, there iS vel 
provement from the first to the e 
grade in both dimensions. For A 
quency, x? (2) = 8.04, p < .02; !° 
amplitude, x? (1) = 6.34, p < .02. , 

Learning.—The effect of auditory 
ordering on speed of learning W4® 
evaluated against two sets of contre 
conditions: learning scores from prev! 


E 3 


Proportion OF Ss LEARNING IN EAcit CONDITION AND MEAN TRIALS TO LEARN 


FOR THOSE LEARNING THE DISCRIMIN. 


TION 


Ordering Training Prior to Learning 
None Visual Only Visual and Auditory 
p M SD p M SD p M SD 
First grade 6.14 
Frequency -62 | 23.20 | 4.50 59 | 23.95 5.86 .62 25.55 112 
Amplitude OF 21.90 4.40 .80 20.70 1.61 .91 20.45 x 
Third grade 4.39 
Frequency 96 | 22.08 | 5.10 .86 0.75 L97 .91 22.80 1.95 
Amplitude 1.00 20.83 1.94 1.00 20.30 1.82 95 20.70 j 


* Data from previous experiments (McKee & Riley, 


1962; Riley & McKee, 1963). 
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TABLE 
— f EFFECT OF ORDERING ON ‘TRANSPOSITION 
_ First Test Trial 
Proportion of Ss Who Transposed Mean of 10 Transposition Trials 
No Orders | Visual | Visual and Auditory | No Order Visual | Visual and Audi 
= sual a Auditory 
First grade z 
"requency 50 80 7 
RHIC) E. E .10 6.5 
Amplitude ‘31 1:00 1:00 Era go cos 
1 hird grade 
;Tequency 62 5 75 
lency 62 ` ` 6. 7. 5 
Amplitude “92 “05 75 En gao s2 
EL MES, um A= T 4 2 


^ Da 
at: , , " 
ta from previous experiments (Mcke 


o 
Pe Dira in which no ordering 
ions i prior to learning, and condi- 
Stimuli p neh Ss ordered the visual 
Prior to aed not the auditory stimuli 
Proport; earning. Table 3 shows the 
number of of Ss who learned and 
Ss. Th at trials to criterion for those 
ing amt introduction of visual order- 
Ory ord of visual ordering plus audi- 
9h ease E ing had no appreciable effect 
E learning. So far as learning 
replicate "Cds _the new experiments 
first si previous observations that 
LN rr i learn an amplitude dis- 
‘Weney e more rcadily than a fre- 
hird ite espe and that by the 
c Sappean e this difference has largely 
me Peared. 
e relationship between abilit 
auditory stimuli and ease of 


"E could be examined in detail 
jency SS 
auditory 
this condition 
n) were there 
more than 
ailed to 

In 
1 the 


y to 


Only in 
-E of the desig 
"e who required mo 
the o order, or who f 
codina. Un of ordering. 

ion Ss who ordered 0! 
more easily — 
mber who 
als to 
those 


n E 
Cred later, while Ss who never 


e & Riley, 1962; Riley & McKee, 1963). 


reached the criterion of ordering were 
poorest in learning. The differences, 
however, are not statistically signifi- 
cant. Since the training procedure 
involved at least 20 trials for each S 
regardless of how well he performed 
at the start, an additional analysis of 
the first 10 learning trials was 
undertaken with the expectation that 
it would be more sensitive to the 
The mean correct in the 
ials for those Ss who 
red the frequencies 
trial was 8.62. 
mean was 5.67; 


only 


differences. 
first 10 learning tr 
had correctly orde 
on the first ordering 
For all other Ss the 


1 (30) = 3.14, p < 01. 
Transposition.—Vable 4 shows, for 


Ss who learned, the effect of previous 
ordering experience on transposition. 
Data from previous experiments in 
which no ordering training was given 
are. included for comparison. As 
before, more transposition occurs in 
amplitude than in frequency at both 
grade levels. Ordering experience, 
whether only visual or visual plus 
auditory, appears to increase trans- 
position on Trial 1 in both modalities 
for the first graders but not for the 
third graders. To test the significance 
of this effect, the combined two first- 
grade conditions in the present ex- 
periment were compared with the 
previous first-grade results. For fre- 
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quency, x? (1) = 4.32, p < .05, and 
for amplitude, x? (1) = 5.94, p < .02. 
For third graders, the proportion of 
frequency Ss who transpose on the 
first trial is greater with visual and 
auditory pretraining than with visual 
pretraining alone, while for the am- 
plitude Ss the reverse is true. This 
interaction was significant (p < .02) 
when tested with the following for- 
mula: ¢ = (pı — b2) — (ps — Ps)/ 
c[L(bi — b» — (Ps — Ps)], and no 
ready explanation suggests itself. Fi- 
nally, ordering has no significant effect 
on the mean number of transposition 
choices over 10 test trials. 


The relationship between ability to 
order and degree of transposition can 
be evaluated only for first-grade fre- 
quency Ss, for it is only in this group 
that the individual differences in 
ordering ability are sufficiently large 
to be analyzed. The mean number of 
transposition choices of the 10 Ss who 
most readily ordered the frequency 
stimuli was 7.7 while the mean for the 
10 Ss who ordered only with difficulty 
or not at all was 4.4, ¢ (18) = 1.93, 
p «10. 


Discussion 


The present experiments confirm the 
hypothesis that the superiority of ampli- 
tude Ss to frequency Ss in learning and 
transposition is related to differences in 
the degree to which Ss can correctly order 
stimuli in the two dimensions. There 
remains the question of interpretation. 

In both the present and preceding ex- 
periments, first-grade Ss learned the am- 
plitude discrimination quite readily but 
had considerable difficulty with the fre- 
quency discrimination. The present 
findings show that first graders can order 
amplitudes easily but have difficulty or- 
dering frequencies. Furthermore, ques- 
tioning at the end of the experimental 
procedures revealed that in the first grade 
35 of the 40 amplitude Ss were able to 
verbalize the correct solution but only 23 
of the 40 frequency Ss verbalized cor- 


D. A. RILEY, J. P. McKEE, AND R. W. HADLEY 


rectly. In the third grade, 35 of e. EA 
amplitude Ss verbalized correctly -— A 
of the 40 frequency Ss verbaliz 
correctly. i 

One interpretation of these diferita 
is that during the first 6 or 7 yr. © ao 
children are much more often — i 
instructed and reinforced with respec 1 
amplitude—and to differences 1n e 
tude—than with respect to spay 
and frequency differences. This ee 
pretation amounts to the mede M 
the ordering, learning, and verbalize 


" ] am- 
differences between frequency pee. 
plitude Ss reflect. transfer p penal 
amplitude training. Possibly the 


that the 


NM: ‘fer s indicate A 
ization difference nediators 


transfer is effected by verbal m 
(Kendler & Kendler, 1962; K 
1946). Presumably, the smaller eflect 
ences found in third-grade Ss ney 88 
increasing transfer effects in freque nan 
a consequence of musical instructio 
similar experiences. P 
The preceding hypothesis r 
account for the fact that first P itude 
show more transposition in amk gul 
than frequency, but it will not aments 
for the fact that previous exper rence 
have shown this transposition differ an 
to be equally apparent in secon?” The 
third-grade children and in adults yide 
presence of this difference over 50 ities: 
an age range suggests two possibi est? 
The first is, as Stevens (1957) suse two 
that the human S$ responds to th e the 
dimensions in different ways ae re 
mechanisms that mediate the t". ilit 
innately different. The other POSS! the 
is that the difference occurs becat”, are 
particular frequency differences US" jar 


more discriminable than the pê" jrd 
amplitude differences. Indeed, ed and 
grade Ss do transpose when trai on 
tested with a 100-cycle difference” ycle 


the other hand, adult Ss rate a 1 2.db 
difference as smaller than 2 
difference and yet do not transpos 
trained and tested with @ fact 
difference. Although the latter ity 
pears to refute the discriminabi * tind 
pothesis, it is not certain that te ie to 
procedure is the most appropriate en 
compare intervals in different ? 
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dimensions nor that adult data can be 
Seneralized to children. 
p another possible explanation of 
hi esser transposition in frequency Ss 
terms of S selection. That is, some 
ih of the first-grade t frequency Ss 
: ed to learn, and it might be argued 
that absolute responding goes along with 
rapid learning. To check this possibility, 
the transposition scores of the first-grade 
i vus were in the top and bottom halves 
he learning distribution were cont- 
gom In all four first-grade conditions 
he present experiment, and in the 
ous first-grade data as well, the fast 
oe transpose slightly mere than the 
W le Consequently the differ- 
1 between frequency 
attributed 


Ence j RIDOTT: ME 
and in transpositior 
amplitude Ss cannot be 

9 selection. 
I = other matter requires Co 
edur Probable that the ordering Pro- 
Vres used in the present experiments 
eng "Geularly the combination of oo 
que auditory ordering—increase re- 
tg transposition in third-grade Ss. 
le 4 is not entirely consistent wit 


Tes; m 
Pect to this possibility, but 2? analysis 


s com ment. 
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of variance of the frequency data of the 
present experiments shows that the mean 
number of transpositional choices is sig- 
nificantly, F (1, 76) = 415, p < .05 
greater in third-grade Ss than in first- 
grade Ss. This effect was not present in 
the previous experiments which did not 
entail ordering. If the effect is genuine, 
it may be due to à certain instructional 
quality of the ordering procedures. 
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STIMULUS ASPECTS RESPONSIBLE FOR THE RAPID 


ACQUISITION OF 
IN CONCEPT 


MARTIN 


Yale University 


The stimulus factors responsible 
nonreversal shifts in concept form 
founded in reversal shifts, withir 
versals, were 
sorting tas groups making or 
more rapidly than groups makin 
response reversals. 
groups making between-dimensio: 
within-dimension shifts 
of reversal shifts, 
transfer-of-training situation, posit 
dimension on which discriminatio; 
specific stimuli used are changed. 


A number of previous experiments 
in concept formation, using human Ss, 
have compared the speed of learning 
reversal and nonreversal shifts. The 
empirical results from this type of 
experiment often have been inter- 
preted in terms of theoretical issues 
concerning the nature of certain types 
of human learning and concept forma- 
tion (Buss, 1956; Gormezano & 
Grant, 1958; Harrow & Buchwald, 
1962; Kendler & D'Amato, 1955; 
Kendler & Kendler, 1959; Osgood, 
1953; Reese, 1962). In order to relate 
the results in this area to various 
theoretical formulations with greater 
exactness, there is need of a more pre- 
cise analysis concerning which stimu- 
lus factors, or combination of factors, 
are responsible for the relatively 
quicker learning of reversal shifts by 
most older human Ss. 


!'This paper is based on a dissertation 
submitted to the Graduate School of Arts 


and 
Sciences of Indiana University in partial 
fulfillment of the requirements for the PhD 


degree in psychology. The author is greatly 
indebted to A. M. Buchwald, W. K. Estes, 

Gormezano, and H. G. Yamaguchi for 
their valuable advice and suggestions. 


REVERSAL SHIFTS 
FORMATION ! 
HARROW 

School of Medicine 

for the superiority of reversal over 


ation were analyzed. 2 factors con- 
n-dimension shifts and response re- 


isolated for experimental investigation. Using card- 


nly within-dimension shifts Mene 
g both within-dimension shifts anc 


Both groups learned quicker than comparable 


n shifts. The results indicate that 


are an important factor in the rapid acquisition 
and response reversals may impede learning. In this 


insfer occurs when the stimulus 
ased is kept constant, but the 


ive tra 
n is b; 


1 y 
In the experiments using amp 
tasks Ss were required to learn ks 
successive card- or block-sorting on. 
During second-task learning, the 7 ich 
reversal Ss were given a task W he 
was based on some dimension © ing 
stimuli which was irrelevant dur! 
first-task learning. As opposed the 
this, during second-task learning 3 b 
reversal Ss were given a task peri 
Es usually describe as being (in rr 
sense) either the "opposite" OF re 
"reverse" of the first task. A san 
careful analysis of the actual ni ” 
mental tasks given to the "rever? at 
Ss, however, shows that there api ks 
least three ways in which their pet 
differed from those given to the ? 
reversal Ss. 


1. Within-dimension shift quim. 
The second sorting task was basf i 
the same dimension of the stimu r 
was the first one (e.g., if the colo 
the cards was used as a haer gn- 
correct sorting during first-task Ei 
ing, the color again formed the °° gk 
for correct sorting on second- 
learning). 5$ 

2. Response reversal (RR). The 
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SOrP em À 
rting Task 1 required that Response 
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Were r en š 
ia to literally reverse the response cards with JV stars 1 b 
ses previously associated with sorted with stimulus cards "d E 
having 


Thus, due to the confounding in 


SEM No. 9 be placed in Sorting Cate- a t 
G ry A and Response Card No. 8 in previous experiments there were three 
ategory B, then Sorting Task 2 Possible factors all or some of which 
required that Response Card No. 9 could have been responsible for the 
€ placed in Sorting Category B, and quicker learning of reversal shifts as 
esponse Card No. 8 in Category A). compared to nonreversal shifts. These 
3. Concept reversal (CR). In sev- e (a) WDSs, (b RRs, and (c) 
Rs. 


era "a" x » 
l experiments (Harrow & Buch- 


In the present experiment, groups 


Ww 
€ 1962; Kendler & D'Amato, I n 
; Kendler & Mayzner, 1956) the of Ss making WDSs and other groups 
: learning tasks which required both 


res A 

P ae cards were sorted into cate- WDSs ! ER 
S which were labeled with stimu- and RRs were compared for 

spced of learning with each other and 


US car à 
cards, — |n these experiments 


with comparable control groups learn- 


Correct enr’ 
us sorting depended on a system- ing tasks requiring b P 1 
relationship between the response g tasks requiring between limension 
shifts (BDSs). This permitted the 


Card 
s Second- 


ask 
the 
tomak | 
Ship m. nan or conceptual relati 
Sorti lat had been used as a basis for 
Cards s during Task 1 (e.g., response 
S with stars located on them have 


and the stimulus cards. 


on- 


een according to the number 
reSPonse On them. During Task 1 
Srt "1! ds having N stars must 
laving N with the stimulus cards 
+1 stars and during Task 2 


sep: 


e ate à 
ach particular sorting card (e.g. if W— 1 stars.) 
learning i 
arning S reversal of 5 
ig involved à reversal 0 WDSs from other possible influential 


aration of the effects of RRs and of 


factors. 


METHOD 


Ss were 118 undergraduate 
students enrolled in introductory psychology 
courses at Indiana University. Twenty-two 
of them were eliminated for failure to learn 
the first task within 160 trials, and the data 
from the remaining 96 (48 males and 48 


females) were used. 


Subjects —The 


TABLE 1 


LI EXPERIME 


AL DESIGN 
i Task 1 Task 2 
Stoupsa sorrel esponses i Correct Responses 
x Type of Shift” Deck Correct Response? | Deck 
A Cards 
loo NN ag Category [S ire guy Usede Category a d 
IM 
2M &ir Ww eR Á reen red € red green 
3M & 2E woe Sih B Fellow blue E ne green 
1M BD F 1) A cross star rec green 
SM & ar B D dens } Cohel) B cross star C red green 
SM & SF | WDS de à A cross star B star cross 
iM & pE WDS » S rel circle triangle B star cross 
M gi ive 8 en | red B star cross 
| 4 té SE Wn E Contre c Sion red B star cross 


BD (Group 6 Cont 


S = wi fe e < 
En a n AU i = sponse r 
en All decks yet dimension RR = respons 
tolg Or req; lad eight cards with the Following com 

` rs or cross colored 


ore, E 
d green ad one or two sta 


eversal; BD 
binations: Dec! 


- between-dimension shift 
three or four stars oF crosses, colored 


Deck C, one or two circles or triangles, 


blue or yellow; 
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Materials.—Three decks, each with eight 
response cards, were selected from the asym- 
metrical version of the Wisconsin Card Sort- 
ing Test. The decks of cards used for each 
group, as well as the experimental design, can 
be seen in Table 1. The experiment was 
carried out in a two-category card-sorting 
situation in which Ss had to sort response 
cards with one of two identical blank stimulus 
cards which were attached to a cardholder, 
"There was a pocket at the top of the card- 
holder into which a response card could be 
placed. Two types of tasks (shape concepts 
and color concepts) were employed in the 
experiment. Two sets of response cards were 
used for each group, one for each of the two 
stages of the experiment. 

Design.—A^2 X 2 X 2 X2 factorial design 
was used, with the 96 Ss being divided into 
16 groups of 6 Ss (see Table 1). All experi- 
mental Ss learned two successive card-sorting 
tasks, with the four factors present during 
second-task learning being: 


1. WDSs (Groups 1, 2, 5, and 6) vs. BDSs 
(Groups 3, 4, 7, and 8). 

2. Relevant stimuli for correct dis rimina- 
tion not having been present during Task 1 
(Groups 2, 4, 6, and 8) vs. relevant stimuli 
for correct discrimination having been present 
during Task 1 (Groups 1, 3, 5, and 7). (It 
should be noted in connection with this factor 
that the crucial aspect which distinguished 
RRs—Groups 1 and 5—was that the relevant 
Task 1 stimuli were again present and 
relevant during Task 2, but the specific re- 
sponses to these stimuli were reversed. In 
contrast, the crucial factor which distin- 
guished the groups making only WDSs, 
without RRs—Groups 2 and 6—was that the 
stimuli relevant during Task 2 had not been 
present during Task 1.) 

3. Learning a color concept (Groups 1, 2, 
3, and 4) vs. learning a shape concept (Groups 
5, 6, 7, and 8). 

4. Male Ss (Groups 1M, 2M, 3M, etc.) vs. 
female Ss (Groups IF, 2F, 3F, etc.). 


Viewed from a different aspect, the eight 
groups of male Ss and eight groups of female 
Ss differed from each other in the following 
Ways: 

1. Groups 1 and 5 (WDSs and RRs). 
These groups made a WDS with the specific 
stimuli relevant during Task 2 having been 
present and relevant during Task 1, 

2. Groups 2 and 6 (WDSs). 
made a WDS with the specific sti: 
during Task 2 not ha: 
Task 1. 


3. Groups 3 and 7 (BDSs, controls for 
Groups 1 and 5). These groups made a BDS 


These grou ps 
muli relevant 
ving been present during 
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is T— . m 
with the specific stimuli relevant ee 
Task 2 having been present but irreleve 
during Task 1. 


4. Groups 4 and 8 (BDSs, controls for 


s EM DS 

Groups 2 and 6). These n wae Meu 
i ific i i relevan 

with the specific stimuli relev Takei 


i rese ing | 
Task 2 not having been present during 


Procedure.— he Ss were run hifidus 
The standardized instructions read to mE 
dicated that as each response card was oa ie 
to him he should point to the ops ine 
thought it belonged to and by E ^ SH 
him whether he was right or wrong E e 
gradually find out where each respon 
really belonged. 

The response cards were pre 
domly and individually to each 
placed in the slot which was at t tn 
cardholder. ‘The criterion of leari succes- 
both the first and second tasks was 1 e the 
sive correct responses. All Ss ores trials 
criterion for the first task within 
were required to learn a second es change 

"The Ss were not informed about dne seco 
in the pattern of reinforcement for t e the 
concept. The Ss who had not pedis arbi- 
second concept within 160 trials wor d-task 
trarily assigned a score of 160 for sec 
learning. 


P 
RESULTS AND DISCUSSION 


the 
Table 2 presents the results at k 
learning of the first and secon -— 
These data represent the numbe 
trials to learn the task involve , 
cluding the 16 criterion trials 
test for differences in speed of lea 
the first task, two separate uted: 
analyses of variances were conb a 
one for the four groups that lear” ^ y. 
color concept for their secon four 
(Groups 1-4) and one for the cep 
groups that learned a number COM 
for their second task (Groups oth 
The two factors present 3 mbe! 
analyses were: (a) color vs- ne gedi 
concept and (b) deck of cards | any 
Neither of the analyses showe intel 
significant main effects Or rouP® 
action, indicating that the et of 
were equated with each other ask 
practice effects prior to seco? 
learning. ad of 
To determine differences in er x 2 
learning the second task, a 2 X 


ing 
ri 2 


STIMULUS ASPECTS OF REVERSAL SHIFTS 333 
33 


TABLE 2 
NUMBER OF TRIALS TO LEARN Task 1 AND TASK 2 
" Trials to Learn 
Group | TYPe 
NÉ Type of Shift X -— 
ado Task 1 Task 2 
]— i M 2D Mdn. | Range | M | SD | Mdn.| Range 
WDS & RR 12 |30.5| 41.2] 5 
“DS 2 |305|412| 5.0] 0-123] 6.6] 11.6] 1.0) 1- 
WDS. 12 | 30.3 | 34.7 | 19.0 | 0-113] 2.3] 3.1 10 ie 
(Group 1 Control) | 12 as3|a334|400]0-118| 83] 87] 5.0 g 
BD (Group 2 Control) | 12 | 28.3 | 31.4 19.0 | 0-100] 64] 6.9 is he 
WDS & RR 12 | 344 j 1-87 | 8.9] 10.0} 6.5 | 1-32 
WDS, a 12 |22.6 0-80 | 44| 9.0] 1:5 | 0-32 
BD (Group 5 Control) 12 | 59.8 0-141 | 31.3 | 44.2 19.0 3-160 
E o. BD (Group 6 Control) | 12 | 26.0 2-127 | 38.4 | 48.9 | 18.5 | 2-160 


al; BD = between-dimension shift. 


CE 
*ip color task; S = shape t 


DS zwithndl ~ 
S = within-dimension shift; RR = response reversa 


groups that acquired a shape concept 


A 5 
out. ae of variance was carried 
ance "is obtain homogeneity of vari- 
à logarith data had to be subjected to 
(E e amic (1 + X) transformation 
analyeic St 1950). The results of the 
the Wh (Tables 2 and 3) show that 
aSter Pw were learned significantly 
Color co han the BDSs. Likewise, 
tantly x were learned signif- 
le Mies than shape concepts. 
that p Y significant interaction was 
Plor en ree the type of shift and 
s 2 concept. Examination of 
Was siy shows that this interaction 
tre ne Ehificant because of the ex- 
Y slow learning of the BDS 


during Task 2. 

The superiority of all groups mak- 
ing WDSs over the comparable ones 
making BDSs agrees, in principle, 
with the results obtained by Harrow 
and Buchwald (1962). In the present 
experiment this occurred in both types 
of situations requiring WDSs (ie. 
when WDSs occurred in conjunction 
with RRs and when RRs were not 


present). 
To assess the role of RRs and to 
contrast them with WDSs, further 
four groups making 


analysis of the 
WDSs (Groups 1, 2, 5, and 6) was 


TABLE 3 
E EK 2 x 2 AxALYSIS oF VARIANCE OF TRiaLs TO CRITERION ON TASK 2 
With Source df MS z 
Rel in-dim z 4.943 25.399*** 
lev. —between-dim. shift S) 1 e f 
Cilevant stim ret ain (R) i 0-649 i 
laps S ape concept (O 1 2.771 14.237*** 
à X R emales CND 1 0.025 
xc 1 0.413 2.121 
N XM 1 0.877 4.505* 
We 1 0.350 1.801 
Within X Me 1 0.210 1.077 
Tota]? OUPS n 0.195 


Not 

e. 

The F za ransformed scores [log ( u 
$05. ios for all remaining simple and hig! 


< .001, 


sed. 
1+2] Voher-order interactions were I 


less than 1, and are omitted. 
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TABLE 4 


T S 1 3 Us LING 
ANALYSIS oF VARIANCE OF TRIALS TO CRITERION FOR GROUPS MAKI 


WrirDIN-DIMENSION SHIFTS 


Source df MS 4 = 
= 3f 
"Type of within-dimension shift (S) 1 1.049 es 
Color-shape task (C) 1 0.265 
sxc 1 0.122 
Within groups 44 0.169 
Total 47 "m 


Note.—Transformed scores [log (1 + X)] used, 
*p <05. 


carried out. This was accomplished 
in a separate 2 X 2 analysis of vari- 
ance, using the transformed Scores 
(log 1-4- X) The two 
present (see Table 4) were: (a) type 
of WDS, and (b) color-shape task. 
The essential comparison was that 
for the type of WDS. This compari- 
son was significant, indicating (Tables 
2 and 4) that Groups 2 and 6, which 
only made WDSs, learned quicker 
than Groups 1 and 5, which made 
both WDSs and RRs. 

The data suggest that what appears 
to be the facilitating effects of RRs 
results from their always involving 
WDSs. There are further indications 
that RRs actually retard learning as 
compared to WDSs. 


variables 


The results from the present experi- 
ment also permit us to answer a question 
basic to the nature of WDSs and of 
importance in concept formation. That 
is, if WDS lead to facilitative effects in 
learning, is this because Ss have been 
trained to respond to the specific stimuli 
they have learned are important? The 
alternative hypothesis is that the ad- 
vantages of a WDS occur because Ss 
have learned to pay selective attention 
to a general dimension of the stimuli 
(such as color) while learning a first task, 
and that they continue to pay selective 
attention to that aspect of the stimuli, 
even when the specific colors formerly 
present are no longer there. In the 
current transfer-of-training situation, 
facilitation occurred for the groups mak- 
ing WDSs when the dimension of the 


was 


imuli ;hic iscrimination 
stimuli on which discrimi ific 


based was kept constant, but the Eque 
stimuli important for correct € the 
tion were changed. This np tno 
hypothesis that the facilitative ©. os 
a reversal shift occur because it * which 
using a dimension of the stimu! 

was previously relevant. 
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AN INVESTIGATION OF VARIABLES IN JUDGMENTS 
OF RELATIVE AREA* 


HARRY HELSON AND 


Kansas State 


In 6 different experime' 
by Paterson and Tinker v 
pronounced with propor 
relative error was greatest 
totalarea. ‘The error was 
in the range of relative magnitud 
stimulus area, and overall field s 
measuring the illusion was employed 
with an inflection point 
contextual factors in judgmen 
inverse relationship between judged 
stimulus series when the comparison 
across groups of Ss. This last findir 
in determining the role of contextual 


with smal 


categ iterature of long standing indi- 
Consta Nat dr judgments of arca the 
Stimati, error is usually one of over- 
& Tibe (Anastasi, 1936; Paterson 
endene, 1938). Curious about the 
roportie of Ss to overestimate the 

Upied m of the printed page OC- 
thum 5 by print (printers, as à rule of 
Page ag set up about 50% of a book 
inker mega space), Paterson and 

Stimat ia 938) found that Ss Over- 
White rectangular areas consisting 
astin = OE black on cards of con- 

Page 8 color on representative book- 
Printed > about 18%, and actual 
books b matter in a wide variety o 
teferred” 25%. These writers simply 
Partayy the overestimations t9 the 
numha, hole proportion illusion- A 
Source. of possible explanations or 
"meg of this tendency of judgment 
lately suggest themselves? ac- 

d under 


15 
Cop The: 
oj Sb Gda 
ltr. experiments were performe 
Kansas 


Si, tact 
i a Nonr-3634 (01) between ; 
eat) versity and the physiological 
Write Branch, Office of Naval Research. 
ithard E are indebted to Joa" Faye 
sori D. Turner, and James R. 
Ork, heir assistance during the course 
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nts the part-whole proportion illusion 
vas confirmed. 
tions of intermediate magnitude 


at a proportion of 70%. 
ts of a relative 


WILLIAM BEVAN 
University 


reported 


The absolute error was most 
but the 


lest proportions of central area to 


found to be essentially invariant with changes 


the orientation of the rectangular 

However, when a null me thod of 
1, the error was severely reduced 
he importance of 
area is indicated by an 
size and overall field size of the 
s are made within Ss rather than 
ng has methodological importance 
factors in judgment. 


cording to Piaget's (1947) Centration 
Effect, centrally fixated objects ap- 


r than objects in the peri- 
phery ; Hollingworth's (1910) Central- 
Tendency Effect suggests that if the 
s were extended, larger 
underestimated ; the 
ical-horizontal ilusion suggests 
e tendency to over- 
estimate the vertical compared with 
the horizontal may be responsible 
since printed pages and the cards used 
by Paterson and Tinker were rectan- 
"lar: the illusion may be a function 
t Id size; and there is the 
at it may be an artifact 
of the method of measurement or the 
dgment demanded of Ss. 
Accordingly, six experiments are re- 
ported in this paper investigating each 
of these possible explanations of the 
part-whole proportion illusion. 


pear large 


range of area 
areas should be 
vert 
that perhaps th 


gular > 
of total fie 
possibility th 


type of ju 


EXPERIMENT I 

experiments began 
with the speculation that this error of 
overestimation might have resulted 
from à limited range covered by the 
stimulus series. Paterson and Tinker 


The first series of 
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had a five-card series with the relative 
size of the central area varying from 
42.7% to 71.9%. It was conjectured 
that if the series had been extended to 
Cover a wider range, the Central- 
Tendency Effect might have been in 
evidence. Hollingworth, in his first 
test of this principle (1910), employed 
the estimation of the size of Squares. 
More recently, a demonstration of the 
effect involved rectangles (Bevan & 
Dukes, 1953). 

Experiment I thus consisted simply 
of the construction of a psycho- 
physical function for judged relative 
area with two extended ranges of 
stimuli. 


Method 


Subjects.—Forty students in introductory 
psychology served as Ss, They were divided 
at random into two groups except that there 
were 10 men and 10 women in each, 

Materials.—Group | judged a series of 15 
cards. Each card was 6 X 8 in. overall. 
These dimensions represent the median width 
and length of 100 books measured at random 
in the Kansas State University library. The 
cards were cut from heavy white posterboard 
(Crescent No. 600). The centers to be judged 
were made of black matt construction paper, 
The black areas judged in these experiments 


100, 


eo 
o 


S 


ESTIMATED PERCENT BLACK 


20 


40 60 80 100 


20 
ACTUAL PERCENT BLACK 


wie feld 

" te nt 
Proportional size of a black rectangle on a whi t gh 
es Fig. 1B for the 21-item series. 


_ Fic. 1. Overestimation of the 
(Figure 1A presents data for the 15- 
line indicates veridical judgment.) 


item seri 
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differed from the black areas of mre m 
in being solid and were like the stimuli er 
Paterson and Tinker in v pd op a 
center areas ranged from 0.1196 to oo. Ted d 
the total area of each card. Group II aes 
a 2l-card series with centers ranging 
0.02% to 96.4% of the total area. ted 10 
Procedure.—Each card was p ned " 
times for judgment. Group I thus ire nized 
total of 150 trials, with the order Een 
in blocks of 15. Group II received ill of the 
randomized in blocks of 21. (In is ies con- 
present experiments the stimulus e Ming an 
sisted of cither 150 or 210 trials eal was 
whether the 15-item or the 21-item seri The 
used.) ‘Testing was done in groupe Ss 
method was that of absolute Jude. r3 
being instructed to record their E d Si the 
the proportionate size in per cen sided for 
black centers on a record sheet es con- 
this purpose. The stimulus cards d ane 
cealed from S's view and ad ' each 
every 10 sec, for judgment. — laced at D 
presentation the stimulus card was P? 
eye level on a card rack for 5 sec. 


Results ti: 
verage es t 
agal ns 
15-car 
ar dat? 


Figure 1A presents the a i 
mated per cent black plottec 
actual per cent black for the 


ately apparent that the epit 
tion described by Paterson and 


P | 


[) 40 30 80 f 


The $ ra 


ponet be attributed to limited stimu- 
E iru for overestimation pre- 
E ie when almost the complete 
cl i of possible proportions is in- 
uded. - It is also clear that the 

pos absolute overestimation oc- 
El in the intermediate range of 
o. ive areas. For Group | the error 
oco averaged 12.270 
h a range from 1.3% to 21.6%. In 

a EU II the average was 9.5% with 
of ge from 0.5% to 24.5%. Plots 
ger magnitude of the error 
actu gena of the estimated to the 
E per cent black) against actua 
Ghote Size; result in a curve that is 
ee and negatively accelerated 
and d 1e greatest effect at the low end 
^ B ra at the high end of the 
log el Thus in the 15-item series the 

and ry error is 2.49 for Card 1, 

92 for Card 15. 


ExPERIMENT lI 


Wi ; 
Vith a clear demonstration that 


o . 
iment mation not attributable to 
Search eec . range, an intuitive 
Constant ¢ variables related to this 
Mmedj (CHLOE Was begun. One that 
Size, is suggested itself was field 
Were t he stimulus cards of EXP I 
book le same size as an average-SiZec 
Sie it was conceivable ipa 
Ooks attitudes associated with 
the could have been responsible for 
1 obtained judgments. Paterson 
lus gj inker had varied overall stimu- 
Tange.’ but only within à narrow 
DX 8i Their series were 4 X 7 in. 
Cordi! and 6 x 9 in» respectively. 
Unde, ngly, a second experiment was 

aken, 


ethog 


Sup; 

I ubj T 

top qp MY Ss were involved 
Pups of of Exp. I and 


10 men and 10 women each. 


Drog Ced: 

Wi ducaq ae — The 15-item series Y 

ina] at one-sixteenth an 16 times its 
onal group’ 


a one 
reas, One of the additi 
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judged 1.5 X2 in. cards, the other 24 X 32 
in. cards, The procedure was that uu T 


Results 
: Again, there was only overestima- 
tion. The average magnitude of error 
(13.3%) was approximately that of 
Exp. I, and there was no difference in 
the amount of overestimation as a 
function of field (card) size—1.5 X 2 
in., 14.005; 6 x 8in., 12.2%; 24 X 32 


in., 13.696; Fgroups (2, 54) = 1.01, 
p.05. There was, however, à ten- 


dency for the female Ss to display 
slightly larger error than the males— 
14.9% vs. 11.7%; Foses (1, 54) = 8.02, 
< .01—that is reminiscent of the 
greater field dependence reported for 
females by Witkin, Lewis, Hertzman, 
Machover, Bretnall, and Wapner 
(1954). 
EXPERIMENT HI 
ausible consideration in 
he results is the role of 
the horizontal-vertical illusion. If one 
dimension of a plane figure is over- 
estimated, one might expect the rela- 
tive area associated with this figure 
to be overestima i 


ted, since area 1S à 
product of linear dimensions. Earlier 
Peters reported 

ion increased 


that over- 
estimatt i r s 
arity of linear dimensions 1n 


Another pl 
accounting for t 


with an increase 
in the disp’ 


rectangles, 
a correlation 
overestimatio 


flected a simple relation- 
judged area and actual 


cordingly, the role of the hori- 
as checked 


zontal-vertical illusion W : 
a third experiment by having 
judged with the long dimension 


in both the vertical and horizontal 


Method —-— 
succ orty.5s Were included in Exp. 
we on Ls s I, and an additional 


I, Group I of Exp. 
ne of 10 men and 10 women. 
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Proceduve—Data obtained with the rec- 
tangles of the 21-item series presented in the 
vertical orientation (Group II) were com- 
pared with judgments of the same series 


turned 90*. The procedure was that of 
Exp. I. 


Results 


Overestimation of relative error 
averaged slightly greater for the ver- 
tical orientation than for the hori- 
zontal (12.0% to 9.8%). However, 
this difference clearly failed to be 
significant, Fgroups (1, 36) = .02; and 
thus the horizontal-vertical illusion 
cannot, with confidence, be regarded 
as a determinant of this constant error 
in areal judgment. Furthermore, 
there were no Systematic sex differ- 
ences in judgment, P... (1,36) = 2.93, 
b > .05, in these observations. 


EXPERIMENT IV 


The conditions considered to this 
point as determinants of the error of 
overestimation have been stimulus 
related. | Response-related processes 
also suggest themselves as possible 
sources of error. Piaget (1947) insists 
that all perceptual—at least, visual — 
judgments have one essential propert v 


in common, the systematic over- 
estimation of fixated items. This he 
calls the Centration Effect. Thus 


perceptual space is conceived to be 
spatially expanded at the focus of 
attention and progressively more con- 
tracted toward the periphery of the 
perceptual field. The fact of atten- 
tion shifts causes multiple centration 
effects with compensation for the 
field distortion associated with a single 
fixation. Therefore, if the overestima- 
tion of the black centers was due to 
processes underlying centration, then 
& comparable effect should be pro- 
duced for the white surround by 
having S fixate upon this portion of 
the visual field. 


HARRY HELSON AND WILLIAM BEVAN 


Method , 
j " » Ss were used. Group 
Subjects —Vorty Ss were used 
of ae I served as the control group for 


A second group of 10 men 


center estimation. m 


and 10 women was used for border d sd 
Procedure.— he. control group P ET 
instructed to fixate upon the E "The 
each card and estimate its ee = at 
experimental group was now told licate the 
the white borders of the card and inc us ares. 
proportion of white to the total stimulus 


Results 

The centration hypoth 
confirmed. While the control condi- 
tion displayed the usual rie il 
tion (12.0%), the group judg! ers 
white border showed a compleme! com- 
error of underestimation of i € 
parable magnitude (10.4%; signifi- 
< 1.00). Again, there was no jgment 
cant sex difference in Jucs 
(Foxen < 1.00). 


esis was not 


EXPERIMENT V a 
-ned with 
as 

dure 
Jeast 


Experiment V was conce! 
the error of overestimation 
reflection of method. The proce 
utilized heretofore involved at 
two judgmental operations: & 
parison of areas in the stimulus riso! 
and the expression of this compr in 5. 
ina conceptual system of per venite 
Thus it is conceivable that UR or 
stant error is less a matter of p^ yhat 
tion than one of judgment ° magni" 
constitutes specific relative ná 
tudes of particular dimension” . egi- 
recent applied psychophysica T nd 
ment, Trumbo, Adams, Milne le 
Schipper (1962) had Ss make ates I" 
stimulus judgments, with rd of 
per cents, of various prope gene” 
systematically programed pe a 
ous samples of wheat. They ate che 
general tendency to verde ez of 
proportions of undamaged n and: 
different grades in each samp sstant 
at the same time, they found co the 
errors of underestimation ° 


| 


JUDGME? 


en of foreign material and 
— grain present. Therefore, 
M oe a null method, in 
4 s matched the areas to be 
Judged against a standard series. 


Method 


Ms jus PAN undergraduates, 11 

P n and 10 men, served as 
Xu Whe paige Tho 21-item series of Exp. I 
as tar BS stimulus material and served also 
ofie ae The Ss were shown these cards, 
blocks ee 10 times each, randomized in 

fier of 21 trials, for a total of 210 trials. 
one ak 5-sec. presentation, S identified 
umi from among the 21 cards in the 
Fei series judged to be the same as the 
acie, Rene card. The cards of the standard 
Welle e arranged in random order on a 

th at a 90° angle to the left of the position 
at EU Fapetimentel card and were presented 
rodga e homounted against a soft tan back- 
i » Since classical time-order error 


iny 

Olves c a Š á 

Ives comparison of a set of variables with 
here 


One 
mini Standard, the conditions used 
«mized, if they did not completely obviate, 


55 type of error. 


Results 


results of Exp. 


Figur 
gure 2 presents the 
immediately 


hYsical | Phe change im psycho- 
Marked method is associated with a 
reduction in the magnitude of 


le error : mea 
rror, Maximum overestimation, 
100 
8 80) 
$ oo 
: 
E 
V ia 
9 20 40 60 80 100 


PERCENT BLACK ON STIMULUS CARD 


Fy . 
9.2. Judgments of relative area 
involving the null method. 
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however, is the same with both the 
null and absolute methods and occ 
PW ; urs 
at 40% area. In addition there is a 
inflection point in the function in he 
region of 70% relative area with larger 
black centers being slightly ander. 
estimated. However, the error is still 
predominately positive, F (1, 20) 
= 6.29, p < .01, and the inflection 
point is curiously displaced above the 
center of the series. Meanwhile, if 
this function is taken at face value it 
is suggestive of a central-tendency 
effect, with values below the inflection 
point being typically overestimated 
and those above underestimated. 
Again, there was no evidence of a sex 
difference in judgment (F < 1.00). 


EXPERIMENT VI 


Experiment II indicated that field 
size had no effect upon the magnitude 
of the overestimation. However, the 
adaptation-level literature (Helson, 
1947) has demonstrated that the role 
of contextual factors is most readily 
identified when these variables are 
allowed to vary within the experience 
of the individual. Experiment 1 
followed the common procedure of 
varying context across groups while 
holding it constant within groups. 
Experiment VI was performed as a 
complement to Exp. Il. Here the 
relative size of the central black area 
was held constant and the overall card 
size was varied over the series. 


Method 


Subjects. Sixty 
and 30 women, were use 
d at random in 


undergraduates, 30 men 
d as Ss. They were 
divide to three equal-size 
groups. 

Procedure.—Each group made a total of 70 
judgments, randomized in blocks of seven. 
The overall dimensions of the seven series 
stimuli varied from 13 X 2in. to 103 X 14 in., 
with each next larger card being 13 in. wider 
and 2 in. taller than the preceding card. For 


one group the central black area represented 
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Error of overestimation with 
judged area held physically constant and size 
of background varied. (Background size was 
increased from Stimulus 1 to Stimulus 7. The 


parameters indicate relative size of the area 
judged.) 


2196 of the total area of the card; for the 
second, 53% and for the third, 81%. The 


procedure was the same as that used in Exp. 
1 and II. 


Results 


As in the earlier experiments, 
the error of overestimation was pro- 
nounced (Fig. 3). Again, it was 
greatest for the intermediate-sized 
black area (53%) and about the same 
for the complementary high and low 
values (81% and 21%). Finally, un- 
like the results of Exp. II, where each 
S was allowed to experience no varia- 
tion in overall stimulus size, the error 
of overestimation is here seen to be 
clearly related to stimulus field size in 
an inverse fashion, the largest error in 
the case of all groups being associated 
with the smallest overall field size 
(Fig. 3). These results were sta. 
tistically confirmed, Fai; (6, 324) 
= 4141, p< 01; Fuaiss (2, 54) 
= 14.46, p < .01; Fsxsa (12, 324) 
= 5.32, p < .01. They are reminis- 
cent of the data of Bevan, Pritchard, 
and Reed (1962) on the direction of 
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i eries 
series effects with loud and soft ser 


of tones. 
DISCUSSION 

The present series of — pei 
firmed the overestimation of 1 (1938) 
reported by Paterson and Tin cece 
by exploring a wider range of 5h ee in 
variables, both stimulus and XM er 
its production. It is manifest , Er 
from the results that this Vs i 3 
is strong and pervasive over a val ht be 
conditions. Furthermore, as tative 
expected, it is greatest foi 
magnitudes of intermediate size ly sug 

Experiments I through V cag more 
gest that response variables ere are 
potent determinants of the error ^^^ di 
stimulus variables. While the i ere 
not vary as experimental groups iudged» 
in overall range of relative areas J of the 
overall field size, and orientation © ical 
stimulus figures, a shift in psychop the 
method from single-stimulus incident 
matching method, with a © 
change in the response language a 
statement of proportion to that 9 a 
discrimination was accompanle 


ror 
Qe -onstant elf 
marked reduction in the consta 


oin 

P n 
and the appearance of an inflectio Pow 
above the midpoint of the series- kedlY 


- ar 
ever, the latter at 70% is so ma 


discrepant from both the middle 
series value (32%) and the 9" 


es 

s A ; hasiz 
stimulus size (36%), that it a doubt 
the strength of the error and cas ant of 


on the inflection point as an indi 
the Central-Tendency Effect. nce of 
On the other hand, the import AL 
contextual factors anticipated 
theory is demonstrated in the e 
periment. Here field size as an 1! ici? 
ent variable was allowed to vary ` yer 
the experience of each S and [e 
estimation was then found to be pee 
related to total field size. This § u a 
an important methodological 4 
thumb: since psychophysical jY à 
Occur within a judgmental A: 
reference, their competent Lair aft 
calls for designs in which stim" ert 
ables are manipulated within rat 


x 
final i 
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across groups if the role of contextual 
factors is to be identified. 
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DIFFERENTIAL PREDICTION AND POSTDICTION 


OF WIN-LOSE EVENTS IN A SPATIAL 
GENERALIZATION PROBLEM 


STANFORD H. SIMON 


Veterans Administration Hospital, Tomah, Wisconsin 


“Horses,” represented by a row of 5 stimulus boxes, raced opo 
Ss predicted whether horses won or lost. The most frequens Mun 
(Ei) was 80% for all ho The type of E, for the pene ; 2T 
differed from the rest. 20 Ss had win for the center Ei and 20 Ss Hs 
lose. $ of each group was differentially motivated by being told Ma 
was their horses that were racing. After 150 trials, Ss postdicted the 


win frequency for each horse. Re 
predicted lose events as compared 
horse, (b) complex effects of the 
experimentally produced position 
and Postdiction with a related hig 


Brown, Clark, and Stein (1958) 
introduced a new technique for study- 
ing spatial generalization with volun- 
tary responses. In this procedure 
seven lights were used, each signaling 
the racing of a different horse. The 
S's task was to predict if the horse 
would win or lose. The center horse 
won 80% of the time and the rest won 
20%. The record of win responses 
showed a gradient generalizing out 
from the center. Dixon and Wickens 
(1961) in a similar study noted: 


It is rather surprising that the Horse Race 
should produce a gradient. . . . Since there 
are 6 peripheral lights where losing pre- 
dominates . . . it might be expected that 
generalization would take the form of sup- 
pressing the frequency of win responses for 
the central light, but in both groups the 
guessing frequency is close to the objective 
probability, 83% and 77%... [while] 
“win” responses are given at greater than the 
objective frequency for the peripheral lamps. 
Apparently, 5s would rather win by betting 
on a winner than a loser [p. 5097. 


1 This research project was supported in 
part by the Veterans Administration Medical 
Research Program (8,200 funds). Portions 
of this paper were read at the 1963 Mid. 
western Psychological Association meeting in 
Chicago. 


reni foe " ar- 
sults show (a) Ss significantly anim 
with win events and did so for ca 


ivati : -) a significant 
motivational variable, (c) a signific: 


: -ociction 
preference effecting both Predic tior 
h incidence of rational predictions. 


; d 

These differences between V ve 
lose responses in matching initia 
frequencies are not seen in the i an 
data of Evans (1961), — orig- 
Knopf (1958), nor in the ang al. 
inally published by Brow? gested 
(1958), although they are SUBP rit 
in the estimates of win pores. Ej j 
(Postdiction) for each horse gie ai- 
the Brown et al. Ss after the CXE the 
ment. In any case, none ° 
studies included a control grouP 
the center horse a loser and the ? 
winners, Such a control E 
included in the present study ` 
had as its primary purpos, jose 
examination of the effects of Wotl 
biases on Prediction and Postdic io 
responses in a spatial-generali: 
problem. abo 

Two of the studies mentioned e na 
included anxiety as a motiva 
variable with 


thers 

was 
nich 
‘he 


Dixon and Wic 
(1961) inducing anxiety, and di 
and Knopf (1958) using groups, 
ing in indigenous anxiety. In i à 
neither study found a significa" atio 
of anxiety on spatial generali?" (ge 
It was the second purpose 


o rent 
2 iffe 
present study to examine à 
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kind of motivational variable. One 
Sroup was assumed to be more highly 
motivated by being told that they 
Were the owners of the horses that 
Were racing. A second group, as 
Sumed to be less highly motivated, 
received instructions that made the 
horses’ ownership anonymous. 

While the above studies have not 
een described as such, they can be 
Viewed as representing one of a class 
of problems that would come under 
the purview of concurrent multiple- 
Probability learning, 1€ the learning 
el a number of probability problems 
at the same time. Except for a study 
sid Brody (1958), the author knows of 
no other work in this area. In Brody's 
Study, Ss were asked to predict which 
"i two reinforcing lights would follow 
3 signal light. His Ss made two 
Suesses following each signal light. 
the had two groups. Both groups had 
be same probability for the E; (most 
b quent event) for their first guess, 
dig, ie E, for their second guess 
Ere from their first guess and 
«9 each other. He concluded that 
beer was independence in the learn- 
tria]. two consecutive responses per 
carni, the asymptotic level F 
Drok ng. depended only upon, og 
n à lity of reinforcement Lp. Um 
ier to Brody's procedite: iy 
Dro] nt procedure has the proba ilit) 
lems identified in terms of differ- 
Mal spatial locations. 
bas. albe this researcl ovd 
bility € to previous work in PI E 
Conta: earning, each “horse unit 
p, “ined its own feedback signals for 


“lan > k se 
ke d Ey events and had two response 
y one pair 


y: e. 
Teather than using onl nnd 
3 sing] back signals common to all a 
in „S€ toggle switch as had been usec 
Studja Previous spatial-generalizatio™ 
196 les of this type (except for Evans, 
$ who used two response keys): 


n E : ] 
E, analysis of the data, in com 


qd 


1 more coni- 
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trast to an analysis in terms of the 
generalized response as has been used 
in all previous studies, would reduce 
the range of scores between horses 
from an expected (with perfect match- 
ing) 20%-80%, to just 80%. Also 
it would allow the effect of trials to be 
included in the analysis. It was the 
third purpose of this study to compare 
the sensitivity of these two types of 
analyses. 

One other variable was studied. 
During the analysis of the data, 
an experimentally produced position 
preference. emerged. This variable 
will be referred to as the Preferred 
Side variable, from which we identified 
the two groups: Preferred Right and 
Preferred Left. 


METHOD 


A pparatus.— The apparatus used was a 
modification of that reported by Brown et al. 
(1958). The S sat at a table and faced a 
black wooden panel on which was mounted a 


row of five metal boxes each 6 X 4 X 5 in. 
at eye level for a 


high. The boxes were 
seated S. The panel was curved so as to make 
the box spaced at 8? intervals and equi- 

On each box 


ft.) from S's face. O! 
were three lights which formed aninverted V: 
a white light was centered 1 in. from the top, 
and two green lights were located 23 in. from 
the top and 11 in. from each side. A3xXÓ6in. 
white card with the „words wIN and LOSE 
covered the green lights, each of which 
illuminated a different word. The cards 
Id be changed so that WIN (or LOSE) could 
appear on the left or on the right, but for each 
S the WIN sign always appeared on the same 
side for all five horses. On top of each box 
i 2-in. high gray plastic toy horse stood 
against à 4x3 in. white cardboard back- 
ground. On the table in front of S were two 
black push-button response keys, each 
mounted on à black plastic base. A control 
apparatus located in another room allowed E 
to turn on any one of the five white lights. 
When S pushed either one of the response 
keys, the white Lp went Leica 
sdiately red by one o 

emen ios the green light illumi- 
a the WIN or LOSE sign for 1.5 sec. For 
all horses the E; event was always P = .80 


distant (5 


cou 
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and the designation of the E, event for the 
center position was different from the Ei 
event for the other four horses (e.g., if the 
center horse was a winner, the rest were 
losers). - 

Design.—The experiment was originally 
designed as a 2 X 2 factorial design. For the 
Outcome variable, half the Ss had the center 
E; = win (LWL) and half had the center 
E; = Lose (WLW). For the Motivation 
variable, half of these two groups had the 
horses’ owner anonymous (OA) and the other 
half were told that they were the owners (O). 
The side on which the win (and Losr) signs 
occurred was counterbalanced within groups, 
Since the side on which the most frequent, i.e., 
noncentral, E; occurred proved to be a very 
significant variable, the general design became 
a 2X2X2 factorial, with the Preferred- 
Side variable divided between Preferred Left 
(PL) and Preferred Right (PR). To avoid 
confusion and errors, the left key always 
predicted the left event and the right key the 
right event. 

Procedure.—After being seated, S was 
given the following instructions with the 
phrases in parentheses being used for Ss in the 
Ownership (O) group: 


This is an experiment to see how well people 
can predict in a pretend horse racing 
situation. Each one of these boxes repre- 
sents a different (one of your) horse. The 
horses are all from the same (your) stable 
and they run (you run them) one at a time 
against other horses not shown here, but 
they never run (you never run them) 
against each other. . 

Whenever one of these white lights goes on, 
it means that horse is running (you are 
running that horse) in a race and you are to 
predict whether that (your) horse will win 
orlose. If you think he will win, you are to 
press this key like this with this hand (E 
demonstrates). Try it, If you think he 
will lose, you are to press this key with this 
hand like this (E demonstrates). Try that. 
Immediately after you have made your 
guess, you will find out what that (your) 
horse did. If he won, then the win sign 
for that horse will light up and if he lost, 
then the lose sign for that horse will light 
up. Now at first, you will just have to 
guess, but if you keep track carefully of how 
each of the (your) horses is doing, your 
guesses should become better and better, 
Remember, the (your) horses do not race 
against each other, so what one horse does 
has nothing to do with what the other 
horses do, The only important thing is to 


“which each horse won 
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is 
keep track carefully of how each e 
doing so that you can improve your gU 


" NS «am ziven, during 

Ten practice trials: ee OE and the 
10 events were randomized iere ae 
Sto S. During these trials, E ver i ; won." 
outcomes, e.g., "That (your) e in the 
Following these trials, the key pe rei above 
last paragraph of the instructions M ve in tliè 
were reiterated. Then S was left alo! 
room for the learning trials. — 

There were 150 trials occurring à 
of about 10-12 per minute. These E each. 
divided into six blocks of 25 SINT order 
Each horse was presented in A fof each 
five times per block. The Ei E us in each 
horse, therefore, occurred four tim i: with à 
block of trials. The E had 10 MN liste 
different randomized block of 25 wn were 
on each. After each S, the ped use 
shuffled and then the top 6 cards dure was 
for the next S. (A comparable proce 
used for the practice trials.) 

After finishing his trials, each “hich he 
to fill out a questionnaire on Tor each 
estimated the percentage of M Ih he ha 
horse, circled the horse he thoug hë reason 
paid most attention to, and wrote t 
for doing so. i 

Subjects.— There were 40 Ss, ine 
females, who were assigned at random 
condition, with 1 or 2 females in € 
All Ss were office personnel rangin: sonnel, 
clerks to division chiefs in the Pers 
Fiscal, Registrar, Housekeeping, & 
Divisions of the Tomah Veterans Adm 
tion Hospital. Ages ranged from 2: te 
with a mean of 41.3 yr. Educatio 
from 8 to 173 yr., with a mean of 12- 


t the rate 
ials were 


5 was asked 


luding 14 
to each 
ch cell. 
g fron 


RESULTS 


de: 

Two kinds of analyses were majes, 
one, in line with all previous st eral 
was oriented toward spatial 8°", ad 
ization (generalization analyS9, ty 
the other toward multiple-pr oba it 
learning (E; analysis). In ba e wi? 
analysis, the data used were t” the 
responses for Groups LWL Ey fof 
lose responses for Groups bosse "m 
all five horses with all sig” A 
therefore, being the same as al 
event of the central horse. The ck? 
Scores on the last five of the S!X 
of trials were used in these a"! 
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Three analyses were made: one on 
a responses predicting the win-lose 
E (Predict data) using the actual 
es, one on the estimate of per- 
Centage win made at the end of the 
experiment (Postdict data), and one 
On the differences between the two. 
E. the last two analyses, percentage 
Ores were used. 
E analysis. made in terms of 
E iple-probability learning used the 
ms of the E, events for each horse. 
E the Predict data, the analysis 
cluded the learning over the six 
prn of trials, Again, the analysis 
! the Postdict data and the Predict 
age PNE differences used percent- 
1 Cores of E, events. 
eh Should be noted that while the 


Stdict data were obtained in terms 
each 


9 " 
h the percentage of win for 
pr 4 per- 


Se, they were transformed to 


TABLE 1 
or E; EVENTS FOR PREDIC 


MEAN Responsts IN PERCENTAGE 
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centage of lose for each horse for 
those groups where E, for the center 
was lose (ie, WLW group) in the 
generalization analysis, and for each 
horse when that horse had E; = lose 
in the multiple-probability-learning 
analysis. 

Table 1 presents the mean scores for 
each horse (position) expressed in 
percentages of E; responses for all 
eight subgroups for both the Predict 
data obtained during the experiment 
(on the last five blocks of trials) and 
the Postdict data given immediately 
after the experiment. In this table as 
in all figures, the horses are numbered 
1 to 5 from left to right. As can be 
seen, there is a marked difference in 
matching the objective probability 
(80% for all positions) between Posi- 
tion 1 and Position 5 in favor of the 
one that corresponds to the side on 


1 AND Postprct DATA 


Preferred Right 


Preferred Left 
H Horses 
orses 
1 2 3 4 $ 1 | 2 | 3 4 5 
Predict* 
(m 
NIDA 7 760 | 768 | 79.2 
Wk, 52.0 | 67.2 | 204 | 3 à i 
WLW 880 Ej 08 EH $2 | 72.0 | 744 64,0 | 824 | 89.6 
n 4 M. 
Groy 
Vi 3 62.4 | 55.2 | 60.0 
W 24 | 536 | 600 | 2 
NUS 56 24 [s 5 gia | 72.0 | 71.2 480 | 77.6 | 832 
Postdict 
B 75.0 | 66.0 | 710 76.0 | 72.0 | 74.0 
Wow |ie | foo rd P 63.0 | 060 | 55.0 76.0 | 69.0 | 80.0 
sur, | m mw 66. 
wie g | 69.6 | 73.0 
We 51.0 | 724 | 668 53. 
: 0 | 79.0 
NUS 800 Ua. iu ia «o | 60.0 | 520 650 | 58 
ch horse represented five times for each block. 


Not 
e] 
* Preqi;? robability of Ex = 


.80. " 
data based on last five of Si bl 


locks of trials with ea 
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which E; of the four noncentral horses 
occurred. For example, if E; was 
LOSE for Horses 1, 2, 4, and 5, and was 
located over the left green light of 
every box (horse), then E. for Horse 1 
would approximate .80 more closely 
than Horse 5. The generalization 
data can be obtained by subtracting 
the scores of the noncentral horses 
from 100. 

The results of the two outcome 
groups (WLW and LWL) for both the 
Predict and Postdict responses are 
presented in Fig. 1 for the generaliza- 
tion data (based on the last five blocks 
of trials), and the E, data (based on 
six blocks of trials) in Fig. 2. In the 
generalization data, the scores for all 
positions are in terms of the E 


is ^ 1 event 
for Position 3, i.e., the 


generalization 


80 


GENERALIZATION DATA 
PREDICT POSTDICT 


60 


P 
o 


8 


90 


MEAN PERCENTAGE SCORES 


LWLe—e 
WLW r-u 
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POSITION OF HORSES 


Fic. 1. E; and generalization curves of the 


two outcome groups for predict and postdict 
data. 


response. For the E, data, the scores 
are in terms of the E; event for each 
position. 

To conserve ae 
analysis will be presented at lengt i 
Where appropriate, comparative state 
ments will be made about the genera 
ization analysis. " 

-Analysis of Fi responses. ~l ig e 
presents the curves of the mean Du 
centage of E, responses lor the. (six 
major groups for both the Predict, A 
blocks of trials) and Postdict pet 
Table 2 presents an analysis of bead 
ance performed on the Predict, ^ 3 
dict, and Predict-minus-Postdict ~ 


space, only the Ei 


ure 2 


: > for com- 
data. Included in the table ie ce 
parative purpose is the signi ihe 


level of all significant findings from are 
generalization analysis. P aet d in 
denoted by the use of asterisks wit n 
parentheses, "The actual figures of i 
generalization analysis are ane Eie 
sented. Except for the fact that E 
generalization analysis does not (wo 
clude the effect of trials, the pu 
analyses run parallel with ident! 
degrees of freedom. 

The major findings are listed 


below: 
1. The Outcome variable 1 Ee 
Predict data was significant (P vs 
with the WLW group getting . 
to the 80% level than M LWL UE. 
This is also evident in the Predict ' 
interaction of Horses X Oute 
which was significant at the .001 | 
As can be seen in the E; data of La 
the two curves cross over Wit 
E; — Win events having more 
responses than E, — Lose. 
ference is significant at the .O 
With a Duncan range test for ding 
Position of the horses. These fin i 
show that Ss significantly ith 
predict lose events as compared cach 
win events, and they do so for 
Position of the horses. 4 for 
2. The findings in Paragraph, the 
the Predict data do not occur 17 


ome 
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PREDICT 
gö POSTDICT 
70 

v 

w 

vV 

$ 

2 60 

D 

ul 

[4 

ur 

R 50 
tWL -0 o---a 
LWL-0A œ- 
WLW -O —"* 
WLW-0A  *——* 

o 
i 2 3 4 5 ! 2 3 y 5 
posiTION OF HORSES 
Fic. 2. E, responses for the four major groups for predict and postdict data. 


Posta: 
aeg data, but in the Predict- 
Ome ee data, Horses X Out- 
The d significant at the .001 level. 
the p ata show that when E: Win, 
for s data are consistently, i85 
the 7 position, closer to -80 than 
e data—WLW Predict 
Sty ee significantly larget than 
Within nk t (19) = 2.38, P< .05; 
b < a the middle L horse £ = 3.45, 
dict ¢ 1. When E; = Lose; the Post- 
than ntly closer to 8 
: , but the differ- 
(Since in Fig. 
ition curves 
E; curves 
d in the 
eraliza- 


E» are consiste 
Ce e Predict data 

the hd significant. 
do Not redict generaliz: 
gisse ain over as do the 
E beer effects are foun 
lo anal variable with the gen 
alysis. ) 


iffe c he effect of Horses ie, the 
Penig nt positions of horses, was 
Pre Siegen at the .001 level for the 
the pt data and at the ‘01 level for 
daz, 9Stdict data. For the Predict 
leas the horses ranged from best to 

ı the ol- 


LH noct Le: 
matching behavior !! 


1, 2, 5, 4, and 3, with the 
t showing a differ- 
ence significant at the .05 level be- 
tween all pairs except 2-5. This 
shows the difference between the pe- 
-ses on each side to be 
d the order is congruent 
alization effect. The 
alization effect shows up to a 
ie., only on one side, 
the Postdict data where the Duncan 
hows only that Positions 5 
arger than 4 at the .05 


lowing order: 
Duncan range tes 


ripheral hor 
significant an 
with the gener 
gener 
lesser extent, 
in 
range test $ 
and 1 are both 1 
level. 

4, The strong 
mentally produce 
is seen in the Horses 
interaction which is significant at the 
.001 level for the Predict data and at 
the .01 level for the Postdict data. 
As can be seen in Table 1, for both the 
PL and PR, there are more E; re- 
sponses for the two horses on the 
preferred side than for the two horses 


eferred side. 


on the nonpr 
5. Thè Trials effect is significant at 


effect of the experi- 
d position preference 
X Preferred Side 
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TABLE 2 


— € r 
ANALYSIS OF VARIANCE OF E, RESPONSES FOR PREDICT, POSTDICT, 
AND PREDICT-MiNUs-Posrpicr DATA 


Predict Postdict Predict — Postdict 
red s AMD 
Source df $ F^ x MS F 
MS F MS F l niim nd 
7 -— 1,7309 
cc (0) 1] 30.1 | 5.724 17.41 ee 
Motivation (M) 1| 68 | 1.29 244.21 25.20 
Preferred Side (PS) 1| 4.3 202.01 117.05 
OxM 1| 27 465.12 (3092 
O X PS 1| r6 411.84 dos 
MX PS 1|25.8 | 4.90* 554.44 920.20 
O XM x PS 1|23.6 | 449* 239.81 Bee 
Error 32| 5.26 768.25 1,135.9 
Within 773.38 | 3427, 
Horses (H) 111438! 533*'6*9 | gog Go | 3,798 | 7734 9 | 7.56** 
HXO 4|13.98| 5.18*** 275.54 | 1.17 1,707.09 119 
HXM 4| 2:60 285.47 | 1.21 20800 | 1.07 
H X PS 1|3655| 13.54» | 156799 | Greco 241-10 | 3208 
HXOXM 4| 5.65] 2.09 241.29 | 1.02 paai 312 
HXMxXPS 4| .88 574.01 | 2.43" em i 
H XOX PS 1| 180 240.28 | 1.02 200-17 | 9 28* 
HXOXMXPS 4| 1.30 252.07 | 1.07 514.12 
Error 1 (w) 128 | 2.70 236.29 5.8 
Trials (T) 5118.38 | 11,56*** 
AQ E. .34 
TXM 5 .52 
TPS: 5| 1.38 
TXOXM 5 .80 
TXOxXxPS 5| 1.08 
TXMxXPS 5| 3.00 1.89 
TXOXM x PS 5| 3.28] 2.06 
TXH 20| 1.66] 1.34 
TX H wO 20 .88 
TXHXM 20| 2.42| 1.95* 
TXH XPS 20| L41| 1.14 
TXHXOXM 20| 1.71 1.38 
TXHXM XS PS 20| 1.00 ] 
TXHXOXPS 20| 1.41 1.14 
TXHXOXM 
JC PS 20} 1.79] 1.44 
Error 2 (w) 160| 1.59 
Error 3 (w) 640| 1.24 


Note.—Asterisks in parentheses 


"e Pond toti Fig 
)te.— indicate significance level for analysis of generalization data. 
generalization data are not presented, 


*p «.05. 
b «0l. 
wD < 001. 


the .001 level indic 
that takes place. 

6. A review of Table 2 shows that 
the E, analysis yields 16 significant 
differences, while the type of analysis 
based on generalization data used in 
all previous studies yields only 6, In 
Only one instance did the latter 


ating the learning 


f 
ures n 


:rerenct 
analysis show a significant Won Ea 
Where none was found by t asbiP 
analysis. However, the relata Y 
involved is to be found elsew out in 
the E; analysis as was brought n ted 
Paragraph 2 above. It may m out 
that the primary points Bee als? 
in the first four major findings ? 


— o— 
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to be found in the generalization 
analysis. This does not include the 
prona generalization effect in 

aragraph 3. Also, the generalization 
analysis as such does not logically 
lend itself to a study of the effect of 

rials, because of the discrepancy be- 
tween the central horse and the others. 


In addition to the above findings, 
there are a number of significant com- 
pe interactions, the meaning of which 
ae clear. 'These relationships 

their significance levels are as 
ollows: Predict data: Motivation X 
Teferred Side, Outcome X Motiva- 
tion X Preferred Side, and Trials 
; Horses x; Motivation, all with 
Mr. 0: Postdict data: Horses X 

Otivation x Preferred Side with 
on 3033 and Predict-minus-Postdict 
Mot; Horses, Horses X Outcome X 

ivation, and Horses X Motivation 

Preferred Side all with ^ € .01; and 

orses X Outcome X Motivation 
rel preferred Side with p < 05., The 
Iya nips among the variables 
dat ved can be worked out from the 

a in Table 1. 


DISCUSSION 


e results show clearly that Ss will 
Lose accurately predict Win events than 
Positig "ets and they do this for each 
this a of the “horses.” Further, since 
and i in not hold true for postdiction, 
betw ince the significant differences found 
bageq 2 prediction and postdiction are 
of Wi Primarily on the underpostdiction 
tha, a vents, one cannot make a case 
Ver D "really knew" that the horses 


i Osi ri e- 
dictin sing more than they were pr 


ni E motivational variable had no sig- 
the at independent effect. gus n : 
Sign;p | analyses, it prove to be 

of PR rion ~ the following number 
Me in actions: three for Predict data, 
Dig. the Postdict data, and three in the 
rence data, All but one of these 
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involved triple or quadruple interactions 
y theories to account 
for these complex relationships. 

The experimentally produced position 
preference proved to be a very significant 
variable. Itis not clear what underlies 
this phenomenon. For descriptive pur- 
poses, it was identified as being related to 
the side on which the most frequent E, 
occurred (i.e., the side of the E, event 
for the noncentral horses). It may be 
that this variable is related to a per- 
ceptual phenomenon. For example, the 
sequence of events having the center 
signal light terminate and followed im- 
mediately by one of the side feedback 
lights tends to produce a phi phenomenon. 
This effect of movement occurring more 
often in one direction than the other for 
each S may have been the critical factor 
to lead him to pay more attention to the 
horses on the involved side. However, in 
order to avoid confusion and errors, the 
procedure required that the left hand 
always predicted the left event and the 
right hand the right event. The more 
frequent use of one hand as compared to 
the other may have produced a set that 
was related to S following the horses on 
one side more closely than the other. 


Evans (1961), however, presents data 
argue against this. He 


which seem to t 
had left key — Lose and right key 
— Win. His data for four groups, all of 

LWL, but all 


ar to our 
apparatus partially 
showed the right 
than the left side. 
mmented on, and 


whom were simil 
of whom had the 
obscured by à screen, 
side closer to matching 
This difference is not co e 
does not show up in a group without the 
screen. In any case, the relative im- 
portance of visual and motor variables on 


the experimentally produced position 
preference needs further clarification. 
It is of interest to note that when Ss 


were asked after the experiment if they 
paid attention to any one of the horses 
more than any of the others, the end 
horse on the preferred side (PR 3 PL) 
yi lected by 18 Ss, the nonpreferre: 

de = iddle horse by 8 Ss, 


indicated no preference. (No S 
Lad em d or fourth horse.) This 


of 7.7, significant at .05 
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level with df — 2. Further, the preferred 
side produced more rational behavior, i.e., 
100% prediction of the E, event, than 
for any of the other positions. Table 3 
shows the number of rational, matching, 
and other responses on the last block of 
five trials for each position from the 
preferred side to the nonpreferred side. 
As can be seen, the amount of rational 
behavior decreases as one goes from the 
preferred side to the nonpreferred side, 
and the amount of matching behavior, 
to a lesser extent, tends to do the same. 
A chi square of 28.39, significant at the 
-001 level with df = 8, is obtained from 
these data. Of particular interest is the 
large amount of rational behavior, es- 
pecially for the end horse on the preferred 
side (60%; since Lose events were under- 
predicted, this jumps to 7095 when only 
WLW groups are considered). It occurs 
on the last 5 of 30 trials. Certainly it 
is more than one would expect if only a 
single probability problem was being 
presented and with many more trials (sec 
review by Estes, 1962, pp. 131-132). 

It is tempting to relate the amount of 
rational predictions in this setting to 
factors involved in Siegel's (1959, 1961) 
theory of probability learning. He in- 
cludes the two concepts: the utility of a 
correct response and the utility of varia- 
bility, or the negative utility of “bore- 
dom." For any probability problem, as 


the utility of variability decreases, 


TABLE 3 


TYPES or PREDICTIONS ON Last Five 
FOR EACH POSITION RELATING 
TO PREFERRED SIDE 


TRIALS 


Types of Prediction 


Position Total 
Rational Matching | Other 

PS 24 10 6 40 
PS-18 15 16 9 40 
Center 13 8 19 40 
NPS-1^ 10 7 23 40 
NPS 10 10 20 40 

Total 72 51 7] 200 


Note.—PS = preferred side; NPS = nonpreferred 
side. 


? Positions between the end and center. 
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s TET 
the asymptotic response probapility "d 
creases. In the present situa Ne 


example, the S who pays artene Sa 
tention to the E; events for ai Ay 
horses (the one on the ge e m 4 
may have the utility of ae i 
regard to the preferred horse rec a pedo 
the opportunity of varying his resp 


4allv the center 
to the other horses, espec ially I E 
one, obtaining a maxinizatio! 


faved 
c on the preferre 


responses for the hors c when 


scjally tru 
side. This may be especially vn of a 
two response keys are t d 

single toggle switch. E 


ns (1961) also 


Jh Ej TE 
showed better-than-matching | as end 
sponses for the center as WC 


ra 
horses in his data which does not Aosa 
position preference. His procec ot was 
differed from previous studies, E use 0 
similar to the present one in his 
two response keys. 

In considering ration: f the 
last block of five trials, only 8 a r any 
Ss showed no rational predictions | ily for 
of the horses (3 predicted rationa 


hre 
4 for thr 

all fivi ses, 4 r four, 5 h 1 
five horses, 4 fo This gro! 


sor in the 
il behavior 1 t 


This group had slig he fact 


matching behavior, in spite oF s they 
that with less rational prediction? fing 
had 


more opportunity for m te 
predictions. Whether this was rela other 
assumed sophistication or some 

variable is not clear, 


ost 
It is of interest to note that the F ive 
dict data do not closely match ees of 
probabilities, The effects of posit ge 
horses, Motivation, and Prefer c the 
singly and/or in combination à d n 
probability matching. Whether activ? 
these effects are independent of 5 a cbe 
participation in the experiment ca? 
determined from this experimen’ (ons 
thing that is clear is that Ss’ post lent of 
9! events are relatively indepen ential 
those factors that lead to anra a 
prediction of Win-vs.-Lose eve” ons’? 
well as the actual predict xd 
themselves. the 


o 
One can contrast tne analysis 
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generalization responses which was used 
in all previous studies with the analysis 
of E, responses used for the first time in 
this study. The E: analysis proved to 
be the more sensitive by having more 
Significant relationships and at the same 
time including all the significant relation- 
ships found in the generalization analysis. 
In other words, variables and combina- 
tions of variables which do not signifi- 
cantly affect the generalization curve 
d nevertheless significantly affect the 
"1 behavior for each horse. 
an a final point, one might nm that 
M M probability learning 9 two 
ind ROCHELLE problems seems to occur 
ependently when S makes two guesses 
following a single signal light (Brody, 
58), the results of the present an 
ine vios studies suggest that this is not 
Sene i when cach guess follows n oN n 
Sao light. The effects of spatia gen 
dügh p. ih relatively rapid learning i 
eh Yorse, the high incidence of rationa 
àvior, and the experimentally pro- 
peed Position preference are all evidence 
a lack of independence. 
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ES = Terr N 
EFFECT OF UCS INTENSITY ON THE ACQUISITION 


AND EXTIN 


CTION OF AN 


AVOIDANCE RESPONSE ! 


K. E. MOYER ax 
Carnegie Instit 


123 naive female albino rats were 
shuttle-box avoidance task. 

2.5, 3.0, 3.5, and 4.5 ma. of shi 
that relatively intense shock 
escape and avoidance responses, 
ma. and is probably maximally 
increase in intensity having rela 
ma., the maximum intensity 


tiv 


tistically significant. Howey 
as a function of shock leve 
these findings and those of 


previou 

Studies of the effects of shock in- 
tensity on aversive learning which 
have used rats as Ss have generally 
shown that learning increases as a 
function of shock magnitude (Camp- 
bell & Kraeling, 1953; Denenberg, 
1959; Dunlap, Gentry, & Zeigler, 
1931). Kimble (1955) obtained this 
result in a wheel-turning avoidance- 
training apparatus with four shock 
levels ranging from 0.2 to 2.0 ma. 
The results of Boren, Sidman, and 
Herrnstein (1959) were similar. They 
used eight shock intensities from 0.1 
to 3.7 ma. and the rats were required 
to press a lever to postpone shock, 
Annau and Kamin (1961) using the 
conditioned Suppression of a bar- 
Dressing response also found that 
learning increased as the shock in- 
tensity increased. 

Brush (1957) 
shuttle-box avoid 
five UCS 


studied dogs in a 
ance situation 


using 
intensities ranging 


from 
! This investigation was su 
by a research grant M-1298 f 
Institutes of Health, 
the senior author. 
The authors are g 
Who rendered invaluabl 
many of the animals, 


Pported in part 
S trom the National 
Public Health Service to 


rateful to Alan Pp. 


atz 
€ assistance in runn 


ing 


used. 
highly variable and the differences | 


D JAMES H. KORN 
ule of Technology 


i i ay: a 
given 30 trials a day for 4 days on 


Different groups received 0.5, 1.0, 1.5, 
ock during training. 
interferes with the 


The results showed 
acquisition of both 
Learning falls off rapidly after 1.0 


disrupted at about 2.5 ma. with further 


Ae iis E 
ely limited additional effect up ton 

The effects on extinction were 
petween the groups were not sta 


: y extinction 
er, differences in the manner of extinctic 
1 were observed, 


The discrepancy between 
15 investigations is discussed. 
(ferent 
0.34 to 5.78 ma. He used six diturte 
indexes of acquisition of the Nificant 
Tesponse and found no BE eit 
differences due to shock inte of SS 
He did find that the percentag , di- 
learning the response increase agni- 
rectly as a function of shock m? 
tude, and the latency of the 
escape response decreased as à 
tion of shock magnitude. :onshiP 
two indications that the en 
between shock intensity and pee 
might be curvilinear, The it jc 
of the last shock trial phont che 
significant U-shaped trend "^ the 
shock-intensity groups as di y the 
mean speed of response duitpowlet 
extinction trials. Trapold and Ja- 
(1960) found a nonmonoton y g 
tionship between shock intensi spors? 
starting speed for the escape re speed 
ina runway. However, running joni- 
and shock intensity were 19 
cally related. "cars 
During the past several y" rat$ 
this laboratory the behavior “E of 
subjected to relatively high lev et 
shock has been observed in a Yonsid" 
of situations and the resulting i pas 
erable behavior disorganizatiO! 
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pe eg aS Also, there is reason 
a a from other studies using 
ind Pese motivation (Kaplan, 1952) 
Mo theoretical positions (East- 
— i 1959; Malmo, 1958) that 
asures of performance and learning 
b decrease when the motivational 
a is raised beyond some optimum 
el. 
b present study explores the 
m onship between UCS intensity 
e aversive learning in the shuttle 
Ox, 


METHOD 


nai t jects.—One hundred and twenty-three 
» e albig female rats from the colony of 
Used "negle Institute of Technology were 
age E ll Ss were between 90 and 110 days 
Ap at the beginning of the experiment. 
of an ee avoidance box consisted 
Sides rad 23 ft. long X 10 in. wide. The 
divided the alley were 16 in. high. It was 
lasoni into equal compartments by a bi 
RT Ks partition which was suspende 
interi € alley 5 in. above the floor. The 
Or of the box was painted battle-ship 


Ray m 

CRA The floor of each compartment 

Paced c f a grid made of 3-10. brass rods 
# in. apart on center. The grids were 


Ainge y 
In i at the ends and suspended by springs 
the p Senter so that the weight of the rat on 

An Apple- 


Sri : n s 
E d activated a microswitch. 
to 


e 
Charge imulator, Model 228, was used 
Soy, the grids, The top of the alley was 
A T3l-w. frosted 


‘Ove; ; 
lig ch With $-in. Plexiglas. 
9f eac ulb was hung 24 in. 
the ap Stid. A 5-in. speaker w 
box Pparatus 7 in, behind the center 


above the center 
as mounted on 
of the 
G00-cycle tone was generate hya 

he 


Hey, 
lett. p. 
SHADE s rator. 
ird sound gene! ar 


oun 

db, 1 level at the grid was approxim: 

209 Control apparatus located in another 

Eve s utomatically timed and presented the 

latencies the avoidance box and recorded 
es and types of responses made by $$. 


thy, "ce € 
his (20¢¢ure.—Nine groups of 


ru? &XPeri ne 
gi as periment, The last three 
or e ê result of the findings on the 


Onvent t ng 
Rro, enience in exposition, the 


s 
iUe as pj referred to as Phase 1 2 
G there hase 2 of the experiment. 
Hoe loe 15 Ss in each grouP except Tor 
qure We Which contained 18 5s. I? Phase 2 
othe for al 10 Ss in each group- 
ay in the S° Was exactly the sam? 

Ting jie magnitude of the shock on 
Sarning, The current m2 


Phe proce- 
; it differe 
the gri 
gnitudes 


were: Group I — 0.5 ma. a 
II = LS ma, IV = 2.5 ma E, poe. 
VI 45 d grs ` 3.5 ma., 
4.5 ma, VII = 2.5 ma., VIII = 3.0 
ma., and IX = 3.5 ma. a 
At the beginning of the experiment all Ss 
were placed in individual cages and given food 
and water ad lib. Five days later avoidance 
training was begun. At the beginning of 
training, the light over the right-hand grid was 
on. The S was placed on the lighted grid 
facing away from the dark grid. On the first 
trial, the tone sounded, the light over the 
right grid went out and at the same time the 
light on the left grid went on. After a 5-sec. 
interval, the dark grid was charged with the 
appropriate current. Shock remained on the 
dark grid until the beginning of the next trial. 
The tone was terminated as soon as 5 ran to 
the lighted grid. On each subsequent trial, 
the light shifted, the tone sounded, and the 
entire grid was free of shock for a 5-sec. 
period followed by shock on the dark grid. 
The intertrial interval was varied from 10 to 
30 sec. unsystematically with a mean interval 
of 20 sec. Each S received 30 trials per day 
for 4 days. 
An avoidance response was defined as a 
response of crossing from the dark grid to the 
lighted one within 5 sec. of the presentation 
of the tone and the changing of the lights. 
On such a response, S did not receive shock. 
If S delayed responding for more than 5 sec., 
it received shock and the response was defined 
as escape. Spontaneous crossings (i.e., be- 


TABLE 1 
oF PERCENTAGE AVOIDANCE 


MEANS AND SDs 
s AND LATENCIES IN 


RESPONSE: 
PHASE 1 AND PHASE 2 
m % Avoidances Latencies 
Group 
M SD M SD 
= Phase 1 

6 58 

T—0.5 ma. 74.61 | 10.34 2.7 5 
— 74.58 | 11.51 2.52 .55 
11—1.0 ma. | $79 | 18.48 | 3-44 | 80 
t 4.52 | 1.13 
3.44 .86 
4.23 .86 


VIL—25 ma. | 49-75 25 | 90 
37.75 | 2118| 4 
Teg a 3625 | 17.85 | 3.93 | -82 
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tween trials) dropped out quickly because the 
dark grid was always charged between trials. 
On the fifth day of training the extinction 
procedure was begun. During the extinction 
trials no shock was used. The CS was 
presented as usual but if S did not respond 
within 10 sec. the tone was turned off and the 
light returned to S’s side of the box. When S 
failed to respond three times in a given 10 
trials, it met the extinction criterion. It also 
met the extinction criterion if it made five 
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spontaneous crossings in any 10 trials. The 
criterion was used be- 
k had shown that 


all fear of the 


spontaneous-crossing 
cause extensive pilot wor 
during extinction some Ss lost 


tone and wandered around the box in typica 
exploratory behavior regardle 
the tone was on or not. 
so wired during both acqu 
tion that the weight of the ra 
grid activated the tone. 
crossing during extinction meant 


ss of whether 
The apparatus was 
isition and extinc- 
it on the dark 
Thus, a spontaneous 
that the tone 


3 4 


ACQUISITION DAY 


Fic. 1. Mean percentage avoidance responses as a function of acquisition day- 


be on all of the time that the rat was on the 
dark (formerly shock) portion of the grid. 


RESULTS 

The means and standard deviations 
of percentage avoidance responses and 
avoidance latencies for the two phases 
of the experiment are presented in 
Table 1, Analyses of variance carried 
out in the Phase 1 data alone proved 
Significant both for percentage avoid- 
ance responses, F (5,87) = 13.17, 
b X .001; and for avoidance latencies, 
P (5,87) = 13.68, p < 001. These 
ponita; along with the £ tests per- 
ormed on all combinations of treat- 


Ment means, indicated that the curve 
to shock 


re ks A M 
x lating avoidance learnıng 
hich 


Intensity was a complex one W 
"ad an inflection point around 2.5 ma., 
ollowedq by another inflection around 
i ma. Although such a complex 
c ationship was possible, no available 
Evidence or theory would predict it. 
"s order to check for the possibility 
hat this result was due to chance, 
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iere 2 ve carried out in an attempt 
produce this finding. In this 
phase of the experiment, the 2.5-ma. 
and 3.5-ma. groups were replicated 
and the 3.0-ma. group was included 
to further specify that portion of the 
curve. Analyses of variance on Phase 
2 alone were not significant, either 
for percentage avoidance responses, 
F (2, 29) = 1.33, p > .20; or for avoid- 
ance latencies, F (2, 29) = 1.95, 
p> 0. In all subsequent analyses, 
the results of Phases 1 and 2 have 
been combined. 

An analysis of variance of the total 
percentage avoidance responses for 
all groups with the successive days of 
acquisition as a second variable in- 
dicated significant effects of shock 
F (6,116) = 10.83, p < .001; 
days, F (3, 348) — 407.87, p « .001; 
and interaction of shock level with 
F (18, 348) = 2.35, p < .01. 
{ the significant inter- 
Fig. 1 where it can 
inflection points in 


level, 


days, 
The source O! 
action is shown in 
be seen that the 
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TABLE 2 


Ł TESTS or DIFFERENCES BETWE 


Responses (CELL VALUES Ani: ABSOLUTE DIFF 


4 iE f )ANCE 
Groupe MEANS FOR PERCENTAGE AVOIDA 


NCES) 


= = — — = iie 
1.0 1.5 2. 3.0 3.5 à 
32.73 
5 7.12* 2.01** 36.86** 24.72** 3 i 
tà am 1709 Eo 36.83** 24.69** Le 
1$ 14,89* 19.74** 7.60 E 
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2.5 4.85 i241 413 
3.0 8.01 
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- EN ER 
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> = TRE oint 
the acquisition curves of the low- in Shock intensity beyond this p 


shock groups occur earlier than the 
inflections for the high-shock groups. 

In Fig. 2, the curve Showing per- 
centage avoidance responses as a 
function of shock intensity is pre- 
sented. Paired £ tests were performed 
on the group means represented by 
the points on this curve, the results of 
which are given in Table 2. These 
tests indicate that the curve decreases 
from 1.0 ma. to 2.5 ma., with increases 
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having no significant effect. í 
The analysis of variance sient 
sponse latencies also revealed els 
cant differences between shock MATS 
F (6, 116) = 11.19, p < vef 
tion days, //(3,348) — 432.64, p PY 
and the interaction of the vata 
FERME = 1.92, b< 05 o 3 
The curve presented in "mad 
relates shock intensity and avoi tests 
latency. The results of the / 
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TABLE 3 
t TESTS OF DIFFERENCES BETWEEN GROUP 
MEANS ron LarExctEs (CELL VALUES 
ARE AnsoLUTE DIFFERENCES) 
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Carried out on these data are shown 
'n Table 3 and, in general, support the 
Tesults obtained with total percentage 
Avoidance responses as the measure of 
&voidance learning. 
If 80% avoidance responses on 
ay 4 is used as an arbitrary criterion 
of learning the results show that the 
Percentage of Ss in each group reach- 
‚8 criterion was as follows in ascend- 
‘Ng order of shock intensity: 93, 94, 
3, 52, 60, 56, 40%. 
che means for the latency of the 
St response to shock are plotted in 
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TABLE 4 


1 Tests OF DIFFERENCES BETWEEN GROUP 
Means For LATENCY ON First RESPONSE 
TO SHOCK (CELL VALUES ARE 
ABSOLUTE DIFFERENCES) 


io | is | 2$ | 89 | $5 hs 
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*p«.05 
**p» c .01 
Fig. 4. An analysis of variance 


showed the treatment means to be sig- 
nificantly different; F (6, 116) — 2.50, 
p «.05. The results of the paired ¢ 
tests performed on these means are 
presented in Table 4. 

The extinction data, in terms of 
trials to criterion, were highly vari- 
able. An analysis of variance applied 
to these data showed that the differ- 
ences between groups were not sta- 
tistically significant; F (6, 116) = .80. 
Because of the great variability in the 
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TABLE 5 

MEDIAN TRIALS TO EXTINCTION UNDER 
No-RespoxseE (NR) AND 
SPoNTANEOUS-CROSSING 

(SC) CRITERIA 


Shock (Ma.) NR sc Combined 
0.5 3.5 23.0 15.0 
1.0 4.0 23.3 16.0 
1.5 4.0 29.5 16.0 
2.5 3.0 55:5 A 
3.0 3.0 14.5 3.5 
3.5 4.0 47.5 nm 
4.5 3.0 79.0 3.7 


criterion measures, the nonparametric 
Kruskal-Wallis analysis of variance 
was also performed on the data and 
this too failed to attain an acceptable 
level of significance; IZ (6) = 1.99, 
p«.20. 

It will be recalled that two extinc 
tion criteria were used in this experi- 
ment: a "no-response" criterion and 
a "spontaneous-crossing" criterion. 
The median number of trials to each 
of these criteria and to the two com- 
bined are given in Table 5. It can be 
seen that in all groups, many more 
trials are required to extinguish by the 
spontaneous-crossing criterion than 
by the no-response criterion. Also, 
more trials to extinction are required 
by the low-shock groups than by the 
high-shock groups. 

This last result is probably due to 
the fact that as shock intensity in- 
creases, the percentage of Ss in each 
group that extinguish by the no- 
response criterion also increases: 40, 
39, 64, 80, 84, 87%. A chi-square test 
applied to the frequency data (not the 
percentages) proved to be significant, 
x? (6) = 19.65, p « .01, indicating 
that there are differences in the 
manner of extinction as a function of 
shock level. 


DISCUSSION 


When Phases 1 and 2 are combined, 
the general trend of the results is quite 
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clear. Relatively intense shock inter- 
feres with the acquisition of both escape 
and avoidance responses. Learning Ae 
off rapidly after 1.0 ma. and is probably 
maximally disrupted at about 2.5 Ines 
with further increases in intensity having 
relatively limited additional effect up 
to our maximum intensity of 4.5 ma. 
Tables 2 and 3 show that the last s 
points on the curve do not differ e ta 
cantly. The unusually high performa m 
of the 3.5-ma. group in Phase 1 was ee 
reproduced in Phase 2, thus contemni 
our suspicion that it was a chance d ed 
Differences in rate of acquisition s 
indicated by the significant Tira te s 
X Days interactions in the poc rdi 
variance done on percentage avolc The 
responses and response latencies. Ey 
groups which performed best over “also 
days (0.5 ma., 1.0 ma., 1.5 mal o 
showed inflection points in their ar 
curves sooner than did the groups LE 
poorer overall performance. That M dt 
low-shock groups perform Dre the 
the high-shock groups throughou P 
experiment and also show faster rat 
acquisition of the avoidance pupa tm 
These findings differ considera 
from those of Annau and Kamin (1 39) 
Boren, Sidman, and Herrnstein (199^ 


and Kimble (1955), However, URS 
studied quite different responses. 1961) 


CER used by Annau and Kamin ( tion 
the measure of learning is the disruP in- 
of ongoing behavior. There is sponse 
strumental escape or avoidance id 

to be disrupted by the intense shot stein 
the Boren, Sidman, and Bem 
(1959) study the response of bar pr yer- 
to avoid or escape shock was highly" the 
learned before Ss were exposed d bee? 
higher shock intensities. They ha foun 
pretrained for 100 hr. at what We al in 
to be slightly greater than optim? ity 
tensity, 1.2 ma. Their study a¢ hock 
explored the effect of various * re 
intensities on a highly overlearne ing 
sponse. Kimble used a whee 

avoidance response, and it may p less 
be the case that wheel turning y cha 


susceptible to disruption by am 2.0 
the shuttle type of response. nf used 


ma. was the highest shock intens! 
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by Kimble, it is impossible to determine 
Whether or not the latency curve he 
presents would have taken an upswing 
at higher intensities. I 

Brush (1957) using a 
avoidance with dogs, obtained evidence 
for a disruption of behavior with intense 
shock. Although the procedures differ 
Considerably, it is interesting to note that 
rats appear to be much more susceptible 
to Shock than are dogs. Brush got 
Optimum learning (as measured by per- 
Centage of Ss meeting criterion) at 4.8 
Ma.; whereas in this study optimum 
learning with rats occurred at about 1.0 
Ma, using a similar criterion. It may be 
that Brush would have found a greater 
disruption of learning had he used higher 
intensities, 

In order to consider the effect of shock 
level on performance prior to learning, 
the latency of the first response to shock 
Was examined. Figure 4 clearly shows 
that the performance is relatively poor 
at the lowest shock level, reaches opti- 
mum at about 1.0 ma., and then grad- 
tally decreases again. 

Observations indicate that the .5-ma. 
Shock level disturbs Ss but does not 
activate them to intense running activity 
d the higher shock levels. Those 
elicit levels in the middle range tend to 
while relatively pure running behavior, 
side the highest levels result in con- 

Cerable disorganized behavior including 


par biting, jumping, falling, and bumping 


into walls, Thus, the middle shock range 
Benerally produces behavior which leads 
oo quickly to escape from shock in the 
q Uttle-box situation. In other situa- 
u^ where different types of eS 
Sponses are required, ifferent shoc 
-vels might produce optimum per- 
9rmance, 
oon Kimble's (1955) studs 
da ie showed that shock d 
on "g learning had no significan a i 
Bye, Der of trials to extinction. 
E r, significantly more Ss in the high- 
miis groups extinguished by the no- 
Ponse” method than by the spon 
ce eOUs-crossing"' method. The typical 
Xtinction behavior of S extinguishing by 
© no-response method was freezing at 


shuttle-box 


udy, this ex- 
intensity 


the tone onset, whereas, those Ss ex- 
tinguishing by the spontancous-crossin 

method were active in the box and in 
response to the tone. Freezing is a very 
common innate fear response in the rat. 
Thus, it is possible that although the 
high-shock Ss did not learn the running 
response to the tone as well as Ss in the 
lower shock groups, they may have 
learned a fear response to the tone better. 

Further research is needed to clarify this 


point. 
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CONCEPT ACQUISITION AS A FUNCTION OF M BA; 
STIMULUS-EQUIVALENCE PRETRAINING 
WITH IDENTICAL AND DISSIMILAR 
STIMULI? 
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A matching-to-sample concept-le; 
groups and 1 control group of 2. 
was on the basis of size (larg. 


arning task was given to 4 experimental 


5 undergraduates each. The matching 


trained with stimuli identic 


facilitate task performance 
ance for the other, 


similar training tasks except that thes 


The prediction that the facilitating and 
ess pronounced for the latter 2 groups was 


Several recent investigators have 
Suggested that a single-unit S-R 
theory does not adequately represent 
adult human concept learning (Kend- 
ler, Glucksberg, & Keston, 1961; 
Kendler & Kendler, 1962; Kendler & 
Vineberg, 1954; Mednick & Freed- 
man, 1960). An alternative model 
focuses on implicit stimulus-response 
events which are assumed to mediate 
between the external stimulus and the 
Overt response (Kendler & Kendler, 
1962). The inferred process is con- 
ceptualized as a complex behavioral 
chain that differs from conditioning 
only in its degree of complexity 
(Kendler et al., 1961). 

A basic assumption of the media. 
tional model is that the inferred, 
mediating stimulus-response relation- 
Ships obey the Same principles that 
Operate in observable S-R relation- 
Ships (Kendler & Kendler, 1962). 
Mednick and Freedman (1960) hy- 
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; itv. (sircles And 
€ or small) and linearity (circles an 
crescents or squares and triangles), 


given a stimulus-equivalence Pretraining task. 


h al to those used in 
operations intended to strengthen mediat; 


for one group, and interfere with perform- 


i. 1 agbasa 
The experimental groups wer 
2 of the groups were 


experimental groups were E th 
timuli used were not identical with 


: of 
pothesized that ease of attainment 
à concept is directly related the 
dominance level. ^ Increasing con- 
strength of association between jate 
cept instances and the approp gil: 
implicit concept response should f: 
itate its acquisition. 

The aim of the present study W 
influence performance on a con ne 
learning task by operations desig ja 
to establish mediating responses, 
facilitate or interfere with Sequi. 
The problem used was a pasion - 
matching to a sample COME ia t 
concept-learning task. The € " 
choice was the same size iae ea 
small) and the same shape aer u$ 
or curvilinear) as the sample St linea 
It was expected that if the € the 
stimuli (triangle and square) = 
curvilinear stimuli (cresce a 
Circle) were each conditione quent 
common nonsense syllable, wa in 
Performance on the concept lew” the 
task would be facilitated due onse? 
Strengthening of mediating mr On 
appropriate to the concept tas 


yas to 
cept- 


tion. 
oice 
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pw "a if pi: y: the rectilinear 
Dine ae ‘one of the curvilinear 

s were conditioned to a common 
Nonsense syllable, and the other 
member of cach pair to a different 
Nonsense syllable, performance would 
M lower because the mediating 
Tésponses presumed to have been 
Strengthened would not be appro- 
Priate to the problem. 

A second concern of the study was 
With the relationship between the 
Stimuli used in stimulus-equivalence 
Pretraining and the stimuli used in the 
Concept-learning task. In the pre- 
training phase the stimuli used in 
Conditioning could be identical to 
those used in the concept problem or 
Pis could be physically different, but 
'milar in the respect that they could 
e classified as to curvilinear-recti- 
Mear, In the first case, that of 
paining with identical stimuli, the 
ing tation or interference could be 
re €rpreted as the strengthening of a 
*Sponse habit that is directly, posi- 
Dind or negatively, transferable to 2 
Dues earning situation. In the seconc 
E that of training with physically 

Similar stimuli, the effects should 
eus less pronounced than in the first 

e due to generalization decrement. 
. "e predictions were made. First, 

Was expected that stimulus-equi- 
alence pretraining would facilitate 
Performance on the concept-learning 
ask when stimuli of a common 
E value were conditioned b 
Wh mon nonsense syllable. „Secon ) 
in, Stimulus pairs differing in linear- 
3 ate conditioned to the seme 
o Sense syllable, subsequent per- 

"mance should be lowered. Third, 
igo effects of pretraining with stimuli 

“ntical to those used in the learning 
p Should be more pronounced than 
hey case of pretraining with phys- 

Y dissimilar stimuli. 


Vi 


METHOD 


Subjects —The Ss were 125 volunteers 
enrolled in undergraduate psychology courses 
in which credit was given for participating in 
psychological experiments. 

Apparatus.—The concept-learning task 
was located in a 7X7 X64 ft. room 
illuminated by a shaded, 60-w. bulb. Ai 
electric exhaust fan located above the ceiling 
provided background noise sufficient to mask 
equipment sounds. A set of five miniature 
projectors 13 X 2 in., was arranged on an 
oblique, 16 X 19 in. metal display panel. 
'The sample stimulus presentation projector 
was centered, about 6 in. from the top. A 
small green light, which served as a reinforce- 
ment signal was mounted directly below the 
top projector. Four projectors, identical to 
the sample stimulus projector, were arranged 
in a row below the reinforcer light. A push- 
button switch was mounted below each of the 
four bottom projectors. The panel was 
placed on a 30-in. high table at which S was 
seated. The sequence of stimuli presented 
was programed, and responses were recorded 
on a running tape recorder. The electronic 
apparatus and the recorder were located in 
an adjoining room. 

Procedure.— The Ss were assigned to one of 
five groups on the basis of the order in which 
they arrived to participate in the experiment. 
There were four experimental groups and one 
control group with 25 Sseach. The procedure 
consisted of two phases. In the first phase the 
experimental groups were given different 
tasks which consisted of learning to respond 
to geometrical figures by saying nonsense 
svllables. The training task was performed 
in the room in which the concept-learning 
task subsequently took place. For two of the 
experimental groups a set of four, 3-in. square 
cards containing a square, an equilateral 
triangle, à circle, and a crescent, was used. 
The line drawings were 1 in. in height. 
These two groups will be referred to as the 

(DF) and the direct inter- 


direct facilitation 
ference (DI) groups. The DF Ss were seated 
in the experimental room and given a card 


with BIC and SAR printed on it. They were 
instructed to say either BIC or SAR to each 
geometrical figure they would be presented, 
and that E would tell them if they were right 
or wrong each time. The E responded “right” 
C was said to the square and the 
and sar to the circle and crescent. 
Any other combination was called “wrong.” 
The cards were presented in random order 
until eight consecutive correct responses were 


when BI 
triangle 
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made by S. The DI Ss were given the same 
instructions, but were reinforced when nic 
was said to the square and the circle, and san 
to the triangle and crescent. ‘The other two 
experimental groups will be referred to as the 
generalized facilitation (GF) and the general- 
ized interference (Gl) groups. A different 
set of cards was used in the pretraining phase 
with these groups. These were two curvi- 
linear figures: a reversed S and a double- 
convex lens; and two figures composed of 
straight lines: a vertical line bisected by a 
diagonal line of equal length so as to make a 
smaller angle of 45°, and an inverted T. The 
line drawings were 1 in. high, and centered on 
3-in. square cards. ‘The instructions to Ss 
in these groups were the same as those for the 
DF and DI Ss. The GF Ss were reinforced 
for saying BIC to the two rectilinear figures 
and sar to the two curvilinear figures; while 
the GI Ss learned to say Bic to the bisected 
line and the double convex lens figures and 
SAR to the inverted T and reversed S figures. 
All Ss learned to the same criterion of eight 
consecutive correct responses. The control 
group (C) received no treatment in the 
stimulus-equivalence training phase. 

The second, or testing phase, consisted of 
learning a compound concept problem. All 
Ss performed the same task. The task in- 
volved learning to match one of four stimuli 
to a sample stimulus on the basis of size and 
linearity. Thus, if the sample stimulus was a 
small triangle, the correct choice would be a 
small rectilinear figure. The stimuli varied 
in terms of four forms (circle, crescent, square, 
and triangle) and two sizes. ‘The stimuli 
appeared on the projectors as solid white 
forms on a black background and were either 
1 in. or 1} in. high. The Ss were instructed 
to push the button corresponding to the 
stimulus with which they thought the sample 
stimulus should go, and if the choice was 
correct the green light would be turned on. 
The stimuli remained until a response was 
made. If the response was correct the green 
light came on for 3 sec. and 2 sec. later the 
next set of stimuli was presented. If the 
response was incorrect there was a S-sec. 
interstimulus interval. The stimuli were 
presented in 12 different combinations, and 
the 12 combinations were presented in four 
different permutations for a total of 48 trials, 

If the learning criterion of 10 successive 
correct trials was not reached, the same 
program was presented again. If the learning 
criterion was not reached in 96 trials, the .S 
was eliminated. Three Ss were eliminated 
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TABLE 1 


MEANS AND SDs oF TRIALS TO CRITERION 
FOR PirasE | LEARNING 

eee 
Group | M SD 
DE 6.84 M 
GF 7.48 251 
GI 7.28 20. 

DI | 8.04 5.1; u 


x -riterion in the 
because they did not reach the criterio: 
allowed number of trials. ] , 

In each set of response-choice stim 
was one of each of the four forms. 


uli there 
On each 


- (igure 
trial the correct choice was à different Pe 
from the sample stimulus. A samp! n the 
would be a small triangle appearing Or ad 
stimulus sample projector DILE, and a 
square, a large crescent, a small circ sponse- 
large triangle appearing on the vse woul 


choice projectors. ‘The correct respo n 
be pushing the button under the smal Hl 
The reinforced position was varied ra 
over trials. 


square. 
lomlY 


RESULTS 
and SDs 


Table 1 presents means 4 
F st phase 


for trials to criterion for the fir 


z wo NO 
of the experiment. There ian in 
differences between the grouP® , i 
speed of learning, F (3, 96) i ‘the 


b > .50. Acquisition curves f0" 


MEAN CORRECT RESPONSE 


ot 


Zzaq oor 8 9 
TRIAL BLOCK 


dt 
" -nonses 
Fic. 1. Mean correct respon 


acquisition of the Phase II conceP 
in blocks of six trials each. 
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TABLE 2 


MEANS AND SDs OF ERRORS TO CRITERION 
FOR THE CoxcEPT-LEARNING TASK 


Group M SD 
DF 3.88 4.08 
GF 6.56 7.35 
[e 10.64 12.91 
GI 9.32 9.82 
DI 14.24 12.04 
n Fig. 1. 


five groups are presented it 
Each S was assumed to have made 
100% correct responses after reaching 
the learning criterion, 50 each point 
Tepresents the entire group. Group 
Performances were in the predicted 
direction during the early stage of 
Acquisition, however the fluctuation 
of means during the later stage results 
from only two or three Ss in each 
Sroup who had not yet reached 
Criterion, The criterion measure 

in the statistical analysis was errors 
to criterion, Group means and SDs 
are presented in Table 2. 

_ The Kruskal-Wallis analys 
pues was used to compare groups, 
i (4) = 17.25, p < .01. The Mann- 
hitney U test was used in comparing 
Pairs of groups, and the results are 
Feported in Table 3. With a two- 
tailed test four of the comparisons 
"eached a significance level of .05. 


used 


is of vari- 


TABLE 3 


PRonannrrins ASSOCIATE 
DIFFERENCES BETWEEN 
ROUPS FOR ERRORS TO 

(Two-TAILED Test) 


p WITH THE 
PAIRS OF 
CRITERION 


m 
=| OB e GI DI 
De [o = ead aT ae 
GF -170 .010 .004 20 
T 190 | 102 | ios 
a SI 
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DISCUSSION 


a E mediational theory the 
nce e i " H 
d TY 3-3 e 
for solution. First medine Ree 
4 = mas es E responses 
associated with linearity would need to 
be strengthened, one with rectilinear 
figures and one with curvilinear figures. 
Second, a mediating response associated 
with small figures, and another, with 
large figures would need to be strength- 
ened. Third, the appropriate combina- 
tion of mediating responses needs to be 
elicited. The lower performance of the 
DI group is explained in terms of the 
strengthening of inappropriate implicit 
responses which must be extinguished in 
the concept-acquisition phase. The ob- 
served difference between the GF and 
GI groups is explained in terms of a 
stimulus-generalization gradient. The 
mediating responses which are assumed 
to have been strengthened in the training 
ansfer to other stimuli which 
have some elements in common with the 
original conditioned stimulus. Because 
the stimuli used in the concept-learning 
phase were not identical to those used in 
the training phase, the conditioned 


mediating responses should not be elicited 
the new stimuli. 


in full strength by 
Therefore the performance of the GF Ss 
on the concept task should be facilitated, 


but less than that for the DF group. 
The same interpretation 1s made for the 


GI Ss. EE 
Although statistical significance was 


not reached in all comparisons, an S-R 
mediation theory would seem to have 
utility in predicting and explaining the 
observed performances. The role of 
stimulus generalization seems to require 
more explication as to its function in 
transfer-of-training phenomena between 
concept-learning tasks. For example, if 
the number of conditioning trials in 
Phase I were varied it would be predicted 
that the facilitating or interfering effects 
would increase for the DF and DI groups 
with increases in the number of condi- 
tioning trials. If the effects increased 


phase tr 
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for the GF and GI groups with increased 
training trials an interpretation based 
upon a flattening of the generalization 
gradient as a function of increased trials 
would be possible. On the other hand, 
if transfer effects decreased with in- 
creasing trials, an explanation based on 
a steepening of the generalization gra- 
dient might be proposed. 
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REACTION TIME AND ALPHA BLOCKING IN NORMAL 


\ND SEVERELY SUBNORMAL SUBJECTS 
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It has been sugg 
rhythm result in 
when the 
interval betweer 
varied irregularly. 
alpha was still 
had returned. 
when the stim 
than when it is not. 


erimental findings 
ct of forewarning 
time are relevant 
riment. One is 
of foreperiod is 
T speed is not 
(e.g. Klemmer, 


Two sets of exp 
concerning the elfe 
on speed of reaction 
to the present expe 
that if the length 
varied irregularly 
increased or decrease! 

1956; Woodrow, 1914). When warn- 
ing signals are presented in blocks 
using a constant foreperiod, it is found 
that an interval of about 2 sec. pro- 
duces the fastest RT. Longer oF 
Shorter foreperiods result in increases 


The other view 15 that in- 
t if the 


forewarning signa 
thythm, and thereby activates the 
EEG. Lansing, Schwartz and Linds- 
ley (1959) and Fedio, Mirsky, Smith, 
and Parry (1961) provided evidence 
to show that when à stimulus x: 
preceded by a warning signal quem 
resulted in EEG alpha blocking, 
normal Ss reacted more quickly than 
When there was no preparatory signa 
Or when the signal did not produce 
blocking. 

Hermelin and Berkson 4 
Shown a relationship 9 RT to perio 
Of forewarning in me? ally deficient 
Ss, even when t 
Varied irregularly. B s 
lin, and O'Connor (1961) have $ 
that the length of alpha block? 


na warning signal 


ested that stimuli falling into a period of blocked alpha 
faster reaction times than those which fall into a period 
alpha is present. An experiment is described in which the 
em and the reaction-time stimulus was 

hus some RT responses were given when the 
blocked by the forewarning, while for others the alpha 

The res Its did not confirm findings that RT is faster 
ulus falls into a period in which the alpha is blocked 


shorter in defective, than it is in 
normal Ss. The use of these patients 
in the present experiment was there- 
fore expected to throw additional light 
on. the relationship between EEG 
activation and RT. 

In the present experiment fore- 
periods were varied irregularly. With 
normal Ss this should result in RTs 
which do not differ significantly with 
foreperiod length. On the other hand, 
it should be expected, on the basis of 
the activation hypothesis, that stimuli 
falling in a period when alpha is 
blocked (i.e., after a short forewarn- 
ing) would result in faster RTs than 
those which fall in a period where 
alpha has returned (i.e., after a long 
forewarning). Variation in RT ac- 
cording to length of forewarning would 
thus be expected. As there is no 
reason to think that irregularity of 

resentation of forewarning periods 
| affect the pattern of alpha block- 
the expected findings of the effect 
a blocking and those of ir- 
ing period are thus 


wil 
ing 
of alph 
regular forewarn 
opposed. 
METHOD 

Two conditions were used for forewarning 
presentation. In the first the forewarning 
light was switched on for a short period, there 
then followed a period of darkness before the 
stimulus sound was presented. In the second 
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condition the forewarning light remained on 
until 1.5 sec. after the presentation of the 
sound stimulus. Condition 2 was used to 
lengthen the period of alpha blockade. This 
should have resulted in a shortening of the 
RT to longer forewarning intervals if the 
findings of Lansing et al. (1959) and Fedio 
et al. (1961) were correct. A left-occipital 
bipolar EEG electrode placement was used 
with an earth electrode over the mastoid 
process. All Ss were, as far as could be 
established, right handed. The S was seated 
and had at his right hand a key which was 
pressed as a reaction to the stimulus. Audi- 
tory RT stimuli and a visual forewarning were 
used. The loudspeaker for the delivery of the 
70-db. white-noise stimulus and the warning 
light which was a 1,000-ft-L approximate 
point source were 5 ft. in front of S and 1 ft. 
above his line of sight. The intensity of the 
light was sufficient to evoke alpha blockade 
even if the eyes were closed. 

The duration of the stimulus noise was 

-4 sec. In Cond. 1 the forewarning light 
stimulus lasted .4 sec., in Cond. 2 it lasted 
1.5 sec. beyond onset of the noise stimulus. 
Six forewarning periods were used, they were 
.5, 1, 2, 4, 6, and 8 sec., timed from the onset 
of the forewarning light to the onset of the 
stimulus sound. Reaction times were meas- 
ured to the nearest millisecond on a dekatron 
timer. The S was in complete darkness, the 
timing and EEG apparatus were situated in 
an adjacent room. 

Forewarning periods were varied in the 
order of successive rows of 6 X 6 Latin 
squares. In each condition 36 reaction times 
were made followed by a rest of 1 min. and a 
further 36 reactions. The forewarning stimu- 
lus was presented at the time of a train of 
alpha waves of at least } sec. in duration. The 
times between successive presentations were 
thus irregular, and were all longer than 7 sec. 
Conditions 1 and 2 were presented alternately 
first and second to successive Ss, and were 
balanced within groups. Sufficient practice 
was given to each S to enable him to perform 
the task with few errors. This practice period 
varied widely between Ss. 

Six normals, six non-Mongol imbecile, and 
six Mongol imbecile patients took part in the 
experiment. The mean ages of the three 
groups were: normals 28.8, SD 6.8; imbeciles 
25.3, SD 2.8; and Mongols 24.0, SD 3.8 yr. 
The mean alpha frequencies for each group 
Were: normals 9.9, SD 1.2 cps; imbeciles 9.2, 
SD 14 cps; Mongols 9.8, SD 1.2 Cps. The 
mean percent time alpha indexes, while resting 
in à darkened room, were: normals 68.9, SD 
16.8; imbeciles 50.0, SD 23.6; and Mongols 
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78.5, SD 17.4. Intelligence quotients were 
available for the patient groups; the us 
Mongol imbeciles had a mean IQ of 43.6, s 
1.8 and the Mongols 38.6, SD 3.8. All 5 
were male and were tested twice, as far as 
possible at the same hour on successive days. 


RESULTS 


First the EEG records were ex- 
amined to determine the presence or 
absence of alpha rhythm at the in 
of the presentation of each of the 14 
stimuli for each S. Alpha was con- 
sidered to be present at the time of em 
warning signal when there were 8-15 
cps waves which preceded the onset 
of the warning for at least half a 
second. Alpha was considered to be 
present after a block at the start of a 
train of at least 3 sec. of waves of um 
correct frequency. The amplitude © 
the largest of these was not to be 
smaller than the smallest in the } sec. 
preceding the block. When alpha was 
present at the time of the warning 
signal, was blocked by it, and re- 
mained blocked until the occurrence 
of the stimulus, the blocking was 
considered "inclusive" (I); when the 
alpha had returned before the onsct of 
the stimulus the blocking was ''exclu- 
sive" (E); when after blocking alpha 
had returned for at least 4 sec. and 
then blocked again until the stimulus 
occurred, this was called a ‘‘spontane- 
ous" (S) block. These categories are 
illustrated in Fig. 1. 

In designing the experiment the 
assumption was made that in Cond. 1 
the .4-sec. flash of light followed by 4 
varying period of darkness would 
result in a limited period of alpha 
blocking. On the other hand it was 
expected that in Cond. 2 with the 
light remaining lit until after the 
presentation of the noise stimulus the 
alpha block would be extended. The 
percentage of ] category patterns out 
of the total of I, E, and S was calcu- 
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lated for cach S in each time interval 
and condition. These results are 
shown graphically in Fig. 2. 

Here it can be seen that the per- 
centage of [| category patterns in 
Cond. 1 for all groups fell as the fore- 
Warning interval increased. In the 
data from both defective groups at 
about 1.7 sec. there was an equal 
chance of the noise stimulus falling in 
a period of blocked or unblocked 
alpha. This figure may be taken as a 
crude average of the block length E 
all defective Ss to a A-sec. flash o 
light. On the same basis the com- 
Parable figure for normals 1s n 
|n Cond. 2, even at the 
Ongest forewarning interval the = 
Centage of | responses for the — 
and Mongol groups never fell to = 
than 8506; of the total of I, E, m 
Categories, On the other hand the 
bercentage of I responses at eninge 
Oreperiods in the imbecile group is 
this condition followed very closely 
those shown in Cond. 1. . : 

Àn analysis of variance carried ou 
9n these data showed the interactions 
‘onditions x Intervals, F (5, aed 
= 9.54, p < .001, and. reri 
X Groups, /^ (2, 165) = 28-5, P < 00% 
to be the only significant terms. < 5 
both these terms are well beyond ue 
:001 level the results of this analysis 
age data may be 


dae 


Carried out on percent 
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considered acceptable. "These results 
confirm the differences between the 
electrophysiological behavior of im- 
beciles as compared with Mongols and 
normals as seen in Fig. 2. In all 
groups in Cond. 1 the number of 
inclusive blocks decreased sharply 
with lengthening foreperiod. On the 
other hand, while imbeciles behaved 
in Cond. 2 much as they did in Cond. 
1, the normal and Mongol Ss showed 
a different pattern of alpha blocking. 
In these Ss, even with the 8-sec. fore- 
period more than half of the RT 
stimuli fell within a period in which 
the alpha remained blocked. No 
explanation can at present be offered 
for this observed difference in the 
maintenance of alpha blockade be- 
tween Mongol and non-Mongol im- 
beciles. 

If the findings of Woodrow (1914) 
and Klemmer (1956) held, no effect of 
forewarning interval would be ex- 
pected in the normal Ss, although this 
would be expected to be a significant 
variable in the defective groups (Her- 
melin & Berkson, 1964). On theother 
hand it would be expected that after a 
short forewarning period the alpha 
rhythm would be blocked at the onset 
of the stimulus while it would have 
returned after a long forewarning 
period. Thus if the EEG activation 
hypothesis were correct, a significant 
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Fic. 2. Percentage of I responses shown by each diagnostic group in two 
experimental conditions, over six forewarning intervals. 


lengthening of RT with forewarning 
interval would be expected in Cond. 1 
in all groups. If the alpha blockade 
was maintained by the presence of the 
signal light which was on throughout 
the forewarning period in Cond. 2 no 
change in RT with change in fore- 
period length would be expected. A 
significant interaction term in the 
analysis between conditions and fore- 
warning intervals would then follow. 
Analyses of variance which com- 
pared the effects of the two conditions 
and the six forewarning periods were 


ich S 


1 P r t 
miei nidis: for ea 
carried out individually group 


Subsequently, three separate aen 
analyses were made. These, or gentle 
showed that there was no sign! ms 
interaction. between condition? s— 
intervals for any of the rm 
Normals: F (5, 643) = 0.99; xgols: 
ciles: P (5, 643) = 0.43; Mom ts 
F (5,421) = 0.51. Thus the re 
predicted from the activation a n- 
esis as outlined above Were D oe 
firmed. In the absence of a sig"! ction 
Intervals X Conditions intern 
term the RTs at the various fore 
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ing intervals for each of the groups are 
presented in Fig. 3 combined over 
conditions. 

For the normals there was little 
change about a mean RT of .23 sec. 
over all intervals. This was confirmed 
by the absence of a significant inter- 
vals term in the analysis of variance. 
In the imbeciles a highly significant 
overall term for intervals, F (5, 643) 
= 16.1, p < .001, reflected the gen- 
eral trend of the data for individual 
Ss. In the Mongols the interval 
term was also statistically significant, 
F (5,421) = 4, < OL. However, 
though there was a general increase m 
RT from 1 to 8 sec forewarning 
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period, the most marked effect was in 
the slowness of the RT with the .5- 
sec. forewarning interval. 

Analyses of variance were carried 
out separately for each S on the RT 
data falling into EEG Categories 
l, E, and S. This was done only for 
Cond. 1 as too few RTs were found in 
the E and S categories in Cond. 2 in 
the normal and Mongol data. These 
data are presented in Table 1. There 
was no significant difference for any 
individual in the normal and Mongol 
groups between RTs in different EEG 
categories. In the imbecile group 
only one individual's analysis of 
variance showed that the RT in the 
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TABLE 1 
MEAN REACTION TIMES IN MILLISECONDS GIVEN By NORMAL, IMBECILE, 


AND MONGOL GROUPS IN THREE CATEGORIES OF EEG ACTIVATION 


i Significance of Difference 
Categories of EEG Activation between EEG Categories 
S No. - _ "ES 7 s di 
I E | SD b F 
| | 
N 1 | 2/63 
Nen s i85 185 179 | 29 0.84 ym 
2 258 235 230 "m 3.06 7/65 
3 198 206 204 26 0.79 2/65 
4 189 198 183 30 1.10 2/68 
5 307 290 285 75 0.76 2/63 
H 276 298 293 48 1.73 2 
M 236 235 229 = 
Imbeciles 7 
1 330 378 371 92 | 241 Pos 
2 311 379 362 98 2.99 2/60 
3 490 539 610 121 1.23 2/52 
4 292 329 347 61 179 D 
5 395 415 510 96 5.46 261 
6 333 360 359 81 1.31 2 
M 358 400 427 
EE S NANI 
Mongols T 
1 813 899 783 260 1.43 2/ 2 
2 920 926 843 149 2.03 2 
3 531 573 533 132 0.81 2/03 
4 794 699 684 203 2.62 2/ 3 
G 346 341 327 96 1.01 2/6 
6 — — — — um 
M 681 688 630 
^ The RT data for this S were unreliable and were therefore omitted ffosiall analyses | 
**5 « Ol. 


spontaneous block category was sig- 
nificantly longer than in either of the 
other categories which did not differ 
between each other. However, as 
seen in Table 1, all imbeciles showed 
a tendency to give shorter RTs when 
the alpha was blocked than when it 
was not, though as in the normal and 
Mongol groups, this difference did not 
reach the level of Statistical signifi- 
cance. [n view of this appearance of 
Shorter RT when the alpha rhythm 
was blocked a further analysis was 
undertaken, 

For any one time interval some 

S were recorded when the alpha 
was blocked (I) and others when it 


was not (E). From the data of on 
six imbecile Ss, 83 pairs of RTs eon 
be found which were matched for tim 
intervals, conditions, and Ss. ^4 
correlated / test between the means 
of the RTs in the two categories = 
carried out. A ¢ of .72 showed tna 
there was no significant difference ped 
tween the mean RTs of 359.6, a 
= 98.4 msec. for 1, the alpha-blockec 
condition, and 369.4, SD = ec 
msec. for E, the alpha-present yon 
tion. It is thus evident that inh 
apparent suggestion of pug. 
between I and E categories in d 
imbeciles was due to those being con 
founded with time intervals. When 


l 
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matched for this variable the differ- 
ence was not present. 


DISCUSSION 


The results presented do not confirm 
the previous findings of Lansing et al. 
(1959) and Fedio et al. (1961), that RT 
is faster when the stimulus to which 
Teaction has to be made is presented 
When the EEG indicates physiological 
alerting as defined by alpha blocking. . 

This is shown in the present study in 
Several ways. Direct analysis of P RT 
When the alpha is blocked by the a 
Warning stimulus (Category I) or on 
alpha has returned (Category E) or w rd 
alpha blocks spontaneously (Category : 
Showed no significant difference between 
Speed of reaction in these conditions. 
Even when, as in the case of the im- 
€ciles, there seemed to be a suggestion 
Or such a difference, RTs Balinese 

and E categories when pce ne 
length of forewarning period were sho 
to be equal. , 

More indirectly a difference ae 
the alpha-blocking times between : ks 

and 2 has been shown (Fig. ; Au 
Normal and Mongol Ss. Alpha any m 
remained blocked over longer Leer - 

Ond. 2. This should have resulted, : 
the EEG activation hypothesis is correct; 
n an interaction term between intery als 
and conditions in the analysis of perho ^ 
time scores There should have heeg f 
relationship between RT and forapetis, 

ond. 1, which should big toe 2 
* Appear only minimally in : . 

ch an interaction was not found. om 

n the normal Ss the inp M. 
Tmed that irregularly p a psi 
Periods produced RTs which di ee 
differ With forewarning length. K^ i 
Verage in Cond. 1, during the .5-, 2 
and 2-sec, foreperiods the alpha Ley m d 
plockeq, but it returned during long 3 
DreWarning intervals. It could be ied 
ested that while blocking of alpha 
: ythm represents ‘‘sensory ig p 
Probably not extending beyond Ma 
a 'S may be superceded by a sta Ms 
ttention directed towards a motor st 

respond. Thus one might expect in 


normals after a return of alpha a mobi- 
lized response tendency lasting for fairly 
long intervals of forewarning. The 
increase in RT with lengthening fore- 
periods in subnormals might be due to 
the absence of such a sustained set. The 
Mongol Ss showed a very high percent- 
age of inclusive blocks over a -5-sec. 
forewarning period. On the other hand, 
it was shown that they gave very long 
reaction times over this same warning- 
stimulus interval. Thus in this group 
longest reaction times were obtained 
under conditions of maximal sensory 
activation as defined by alpha blocking 
but with possible slow development of 
motor set. 

If on the basis of the present findings 
it is accepted that the state of the EEG 
indexes of alpha blocking does not 
determine RT, some explanation of 
previous findings must be sought. In 
the case of Fedio et al. (1961) the com- 
parison is made between RT when there 
is no alerting signal and when there is a 
forewarning signal which produces block- 
ade. Thus there is confounding between 
the effect of the warning and the effect 
of the alpha blocking. 

Lansing et al. (1959) used very short 
foreperiods up to .3 sec. to enable them 
to present the stimulus when the alpha 
had no time to block and compare it with 
the RT to a slightly longer (.3-1 sec.) 
foreperiod when alpha had blocked. In 
contrast, in the present study the “‘alpha- 
present” condition was that when the 
alpha had returned after blocking. It is 
possible that relatively long RTs oc- 
curred in Lansing’s experiment in this 
condition because of motor unprepared- 
ness with a short forewarning. 

A further difference between the 
previous and the present experiments is 
that they both used an auditory fore. 
warning while the present one used a 
visual warning signal. Morrell (1961) 
cites evidence that stimuli of a given 
sensory modality may produce restricted 
effects in the cortical projection area 
for that modality. Thus visual stimuli 
selectively block the parietooccipita] 
alpha rhythm, while acoustic signals 
selectively desynchronize the auditory 
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receiving area. While visual stimulation 
is usually considered the more effective 
in producing alpha blocking it has been 
suggested (Bernhaut, Gellhorn, & Ras- 
mussen, 1953) that visual stimulation 
has a less arousing effect than auditory 
stimuli. It is therefore possible that the 
failure of the present findings to relate 
EEG activity to RT is due to the 
modality difference between this and 
previous experiments. 
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ROLE OF AWARENESS IN MEANING ESTABLISHED 
BY CLASSICAL CONDITIONING 


BURTON H. COHEN 


Lafayette College 


The extent to which awareness of the conditioning contingency in- 


fluenced the class c 
was examined. Us 


conditioning of word meaning to nonsense syllables 
ag the technique developed by Staats and Staats, 


e syllables (CS) were paired with words (UCS) of high- and low- 
HOUSE) neaning. After the conditioning trials, Ss rated the syllables 
eg ii s: semantic differential scale whose end points were labeled 
on a nens Unpleasant. 2 experimental groups of 97 Ss and a control 
Pleasant e Ss were tested. Ss were classified as aware or unaware by 
group i lent judges who evaluated Ss' written comments about the 
3 fee pene Contrary to the results of Staats and Staats, analysis of 
te dana provided no evidence for “learning without awareness.” 

he date 


Following the impetus pex by 
Greenspoon's (1955) initial stu Ys 2 
large body of literature now set 
Concerning verbal operant cen 
Ing (eg., Krasner, 1958). ine a 
Carlier studies were concerne Y 
the responses to be reinforced anc the 
‘ype of reinforcing stimuli, pe 
recent studies have concentrated 01 
the question of whether m 
can occur if Ss are not aware of Es 
Conditioning contingency. um 
ample, Dulany (1961), Eriksen F e 
Krieckhaus and Eriksen (1960), e 
(1961), and Spielberger and iir 
(1962) have all reached the general 
Conclusion that there is little or ue 
Evidence for “earning without v4 
ness.” [n a similar vein, Paul, 5 
Sen, and Humphreys (1962) found x 
Evidence for operant conditioning E: 

human motor response unless à 
could verbalize the conditioning con 
ingency. l g 

Though relatively few studies iue 
ped verbal material as both = Fs 
a it is legitimate to ask whe = 
q arning without awareness" is pi 
Sible when the classical-conditioning 
el is used. Staats and Stante 
(1957 investigated the problem o 


classical conditioning of word meaning 
to nonsense syllables. Of 86 Ss, they 
found only 9 who could verbalize the 
correct reinforcement contingency. 
Their results for “unaware” Ss clearly 
showed the predicted conditioning 
effect. 

In view of the recent turn of events 
with regard to the problem of aware- 
ness in operant verbal conditioning, it 
appeared desirable to re-examine the 
Staats and Staats (1957) study. 
Special attention was directed to (a) 
the determination of awareness or un- 
awareness and (5) the inclusion of two 
control conditions not mentioned in 
the original report. 


METHOD 


The procedure outlined for Exp. I by 
Staats and Staats (1957) was followed in all 
essential details. Initially, Ss were presented 
with two tasks designed to train them for the 
procedure of the actual experiment. The first 
task involved the visual presentation and 
recall of a series of nonsense syllables, The 
second task involved the oral presentation of 
a series of words. Immediately after E spoke 
each word, Ss were instructed to repeat the 
word aloud and then to continue implicitly 
rehearsing the word until E spoke the next 
word. After all words were presented, Ss 
were asked to (a) write the words they could 
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recall and (b) identify which member of 12 
word pairs was a word of the presented list. 

The experiment proper consisted of pre- 
senting 108 conditioning trials. On each trial 
one of six nonsense syllables (vor, XEH, WUH, 
GIW, LAJ, and QuG) was flashed on a screen 
by means of a Kodak Cavalcade projector, 
Model 540. One second after the syllable 
appeared, E called a word aloud. The Ss 
were instructed to pay attention to the 
syllable while at the same time they were to 
repeat aloud the word spoken by E and then 
implicitly rehearse the word until the next 
syllable was flashed. Each syllable appeared 
on the screen for 5 sec. Each of the syllables 
appeared 18 times and was paired with a 
different word each time. The syllable-word 
pairs were the same as those reported in 
Table 1 of Staats and Staats (1957) and were 
presented in the order given in the table. As 
determined from semantic differential scaling, 
18 words had high-evaluative meaning and 
18 words had low-evaluative meaning. The 
remaining 72 words had no 
meaning. 


Immediately after the conditioning trials, 
Ss were asked to check the position of each 
of the syllables on a 7-point semantic differ- 
ential scale whose end points were labeled 
Pleasant and Unpleasant. Along with the six 
original syllables, three additional syllables 
(MEQ, FEH, and sty) were included as a 
control measure. All nine syllables appeared, 
one per page, in a booklet distributed to Ss. 
A large variety of random orderings of the 
pages of the booklets was obtained during the 
collating process. 

After Ss had scaled the syllables, they were 
requested to write on the back of their 
booklet "anything you thought about the 
experiment, especially what you think the 
purpose of the experiment was, and anything 
you thought about during the experiment." 

In all, six subgroups of male, under- 
graduate Lafayette College students served 
as Ss. The groups varied in size from 13 to 
18 Ss. Half the subgroups (N = 47) had 
YOF paired with the high-evaluative words 
and XH paired with the low-evaluative words 
and will be designated as Group I. For the 
other half of the subgroups (N = 50), 


designated Group II, the pairings were 
reversed. 


systematic 


To determine the mean scale values of the 
Syllables in the absence of any conditioning 
trials, an independent group of 34 male, 
undergraduate Lafayette College students 
Served as Ss in a control condition. These Ss 
Were presented with the 9-page booklets and 


given the same instructions as experimental 
Ss with regard to the semantic differentia 
scaling of the syllables. 

» more explicit details about me a 
perimental procedure, the reader is ws 
to the original article (Staats & Staats, eu 
The three major changes from the proc Ths 
of Staats and Staats were as follows. i» v 
experimental Ss scaled nine rather vale 
syllables. (b) The ordering of the syllab sé n 
the booklets was randomized. (c) A con r 
group of naive Ss scaled all nine syllables. 


ex- 


RESULTS 


The Ss’ written comments i 
the experiment were evaluated. A 
three independent judges. Theuns i 
were familiar with the design of p 
experiment and were asked to indica 
whether Ss’ comments indicate 
awareness or unawareness of the con- 
ditioning contingency. For the 2 
experimental Ss, the results of 
judgmental operation were as B 
All three judges agreed that 45 p 
showed no awareness and that 29. í 
indicated awareness of the contin 
gency. Of the remaining 23 Ss, tWO 
judges agreed that 14 Ss were aware 
and one judge indicated that 9 Ss were 
aware. For purposes of data analysis, 
Ss were regarded as being aware of the 
contingency if at least one judge rate! 
their comments as such. On this 
basis, 52 Ss were classified as aware. 
Thus, the classification of Ss as 2 
aware was quite stringent while t ; 
classification of Ss as aware wa 
somewhat conservative. Table 1 pra 
sents the mean scale values for GEE 
of the nine syllables for the aware 2? 
unaware Ss of the two experimenta 
groups and for the control group: 
Also included in Table 1 are the e: 
bined means for various grouping 
of the syllables. 

Several features of the data 
Table 1 should be noted immediately: 
(a) With regard to the data of paper 
Ss, a considerable difference in t^ 
mean scale values of the experiment? 


in 
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TABLE 1 


INDIVIDUAL AND COMBINED MEAN SCALE VALUES FOR THE NONSENSE SYLLABLES 


Individual Ms 


Combined Afs 


MS 2 3) | (4) | (5) 
w a g we LAJ QUG 


WUH | FEH | MEQ | su 


(6) | (7) | (8) | (9 (1-6) | (3-6) | (7-9) | (1-9) 


Aware | 2.38 | 5.21 | 3.54] 2.75 | 3.50 


3.63 | 4.38 | 4.29 | 4.67 | 3.50 | 3.35 4.44 | 3.81 


N=24 
U are| 3.30 | 4.30 | 3.74 | 2.70 | 4.04 | 4.00 | 4.57 4.48 | 3.57 | 3.68 | 3.62 | 4.20 | 3.86 
aware| 3.43 s 
We 23 | 
\ 5.57 | 1.82 | 3.61 | 3.07 | 4.18 | 3.71 | 3.61 | 3.86 4.14 | 3.66 | 3.64 | 3.87 | 3.73 
Aware E Oe 
N = 28 
i U 4.05 | 4.55 | 2.91 | 2.55 | 4.77 | 3.91 | 3.68 | 4.32 4.05 | 3.79 | 3.53 | 4.02 | 3.86 
Jnaware . " 
M s 22 d t 
Control | 3.71 | 4.82 | 3.82 | 3.03 | 5.15 | 3.74 | 4.56 | 4.12 | 3.82 | 4.04 | 3.93 | 4.17 | 4.08 
ontrol |3. 5 
N = 34 
E acm. i ic differential scale were s scale values 
The Pi and Unpleasant ends of th bitis: renal ws le were represented by scale ulus 
of 1 duis Ihe me iu i n the distribu Pg E valued oF use me syila les were far from normally 


i " ale values à 
distributed, mean rather than median sc 
9f the data, 


Syllables (vor and XEH) WAR i aig 
in the absence of any prior condi p 
ing, As might be expected an a 
basis of pronunciability jars jue 
Schulz, 1960), yor was rated 5 lid 
Pleasant than xen. Thus, a es 1 
assessment of the difference in ribs 
Scale values for yor and xr for al 
€xperimental groups should tue sae 
“ated against this control prie 8 
For all groups, there was pes 

© variability in the mean scat 
Values for the syllables. (©) s in 
{90 of the combined means p $ a 
able 1 revealed that there a ne 
Benera] tendency to rate cd m ed 
lables used in the conditioning Pt ihe 
“© towards the pleasant end od no 
Scale. The control data showe cof 
Such tendency. This displacemen eè- 
ĉan scale values is in general ae 
Dent With a large body of literatu : 
Which hag demonstrated that oe 
Wor s, events, experiences, etc., "» 
o tained better than unpleasant wor ed 
the other hand, the combin : 
Means for the syllables which were no 


e€ nature and restricted range 


used in the conditioning procedure 
were essentially similar for the experi- 
mental and control groups. 

The major analyses of the results 
concerned the comparison of scale 
values for vor and xr, It should be 
pointed out that use of a response 
measure based on a 7-point scale seri- 
ously violates the assumptions under- 
lying the use of parametric tests of 
significance since (a) the scale values 
were discrete and quite restricted in 
range and (5) the distribution of scale 
values for a number of the Syllables 
(especially in the case of vor and XEH 
for aware Ss) departed considerably 
from any approximation to a normal 
distribution. However, as a first 
stage in the data analysis, the overall 
means for vor and XEH for Groups I 
and II (ie., disregarding the aware. 
unaware classification) were analyzed 
by the same analysis of variance tech- 
nique used by Staats and Staats, 
For comparison purposes, the overall 
means for the present study are con. 
trasted with the corresponding means 
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COMPARISON OF STAATS AND STAATS RESULTS 
WITH THOSE OF OVERALL MEAN SCALE 
VALUES OF PRESENT STUDY 


Study 
Group | cists acd Staats Present 
YOF XEH YOF XEH 
I 2.40 4.80 2.83 4.77 
II 4.73 3.13 4.90 3.02 


of the Staats and Staats Study and are 
shown in Table 2. The general agree- 
ment between the two studies is quite 
striking (even though Staats and 
Staats maintain that aware Ss were 
eliminated from their data). The 
results of the analysis of variance of 
the data from the present study were 
in close agreement with the Staats and 
Staats analysis. The only significant 
effect was that of Conditioning of 
Meaning, F (1, 95) = 30.57, p < .001. 
In contrast, as shown in Table 3, no 
significant Fs were obtained from the 
analysis of variance of data for un- 
aware Ss of Groups I and II. 

Using nonparametric tests, a num- 
ber of other comparisons were made. 
The Wilcoxen matched-pairs, signed- 
rank test was used to evaluate the 
mean difference between vor and XEH 
for the control group. Using the 


TABLE 3 


ANALYSIS OF VARIANCE OF CONDITIONING 
DATA ror UNAWARE Ss 


Source df MS F 
Between Ss 
roups 1 5.42 1.48 
Error 43 3.66 
Within 
Syllables 1 12.84 3.11 
Cond. Meaning| 1 1.41 «1.0 
Residual 43 3.46 
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normal approximation, the resulting 
value (z = 2.35, p < .02) confirmed 
the notion that vor received a signifi- 
cantly lower mean scale value than 
xen. The difference in mean mue 
values between XEN and vor (4.82 
— 3.71 = 1.11) provided a baseline 
against which to evaluate the mean 
difference between these syllables for 
Ss of Groups I and II. For unaware 
Ss of Groups I and 11, the differences 
were 1.00 and 0.50, respectively. For 
aware Ss of Groups | and II, the 
differences were 2.83 and phar n 
spectively. Not only did the di a 
ences for unaware Ss fail to exceed T 
control difference, but for Group 
the difference was in the wrong 
direction. 

A further set of evaluations com- 
pared the cumulative distribution O 
scale values of vor and xen for Ss Pi 
Groups I and II with the iur pr 
ing cumulative distributions of po 
values for the control group. The 
conservative x? approximation for the 
two-sample Kolmogorov-Smirnov test 
was used (see Goodman, 1954). The 
results are shown in Table 4. In no 
case did the comparisons of the dis 
tributions for unaware Ss with the 
control data produce anything close 
to a significant result. i f 

Figure 1 presents a graphic view © 


TABLE 4 


E 
Comparison or DISTRIBUTION OF SCAL 
VALUES OF YOF AND XEH BY 
KOLMOGOROV-SMIRNOV 


TEsT 

a 

2 
Comparison —— 
| Group T (vor) vs. Control (vor) | 12-12 ex 
Aware Group I (xen) vs. Control (xEH) 12 32** 
Group II (vor) vs. Control (yor) 32.00" 
Group II (Xen) vs. Control (xEH) aa 

0 

Group I (vor) vs. Control (vor) | 1-9% 

Unaware | Group I (xen) vs. Control (xEH) 017 

Group II (vor) vs. Control (YOF) 2.03 


Group II (xen) vs, Control (xti) 


**y S01, 
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60 GROUP I 
x 
50 Aware XEH O o j 
YOF x---x 7 
40 Unaware { XEH O---O ; 


CONTROL 


YOR Ris 
» Pes JN 


PERCENTAGE OF Ss ASSIGNING SCALE VALUE 


tg s «4 5 & T 


SCALE VALUE 


Fic, 1, Percentage of Ss assigning dables 

Scale Values to the experimental T ^ is 
F and xen. (The legend for (à | 
* Same as that indicated for Group I- 


the distribution of scale values for ed 
Qd Xen for aware and unaware 2i » 
Toups I and II as well as the base ES 
ata of the control group. pis spp 
of "ig. 1 provides striking a 
lack of any conditioning effect tor 
Unaware Ss. 


the 


DiscussioN 


em 
u The results of the present emar n " 
“Vocal: Ss who were aware of (i. 


could verbalize) the conditioning con- 
üngency showed the predicted effect 
while Ss who were unaware did not show 
the effect. Why then the discrepancy 
between the present results and those of 
Staats and Staats? 

In reconstructing the detailed experi- 
mental procedure used by Staats and 
Staats, it was possible that inadvertent 
cues were given to Ss of the present 
Study which had the tendency of in. 
creasing the extent of awareness. Sub. 
Sequent information about the experi- 
mental procedure! gave no support for 
this notion. Even if such were the case, 
the fact remains that Ss, classified as 
unaware, showed no conditioning effect. 
It should also be pointed out that though 
Ss of this experiment were all enrolled in 
an introductory Psychology course, the 
experiment was conducted during the 
first week of the semester, Thus, it 
seems unlikely that “sophistication” re- 
garding the scope or design of the experi- 
ment could have influenced the results. 

The close agreement between the 
overall results of this study and those of 
Staats and Staats (Table 2) suggests the 
possibility that all aware Ss were not 
eliminated from the data reported by 
Staats and Staats, However, since 
Staats and Staats also examined Ss’ 
written comments, it seems unlikely that 
they failed to eliminate any Ss whose 
comments clearly delimited the condi- 
tioning contingency. The most plausible 
explanation seems to hinge on the 
evaluation of the written comments of 
Ss. Itis possible that Ss of the present 
experiment wrote longer and more de- 
tailed protocols than Ss of the Staats and 
Staats study. This might have allowed 
for the elimination of more aware Ss than 
would be possible if short, terse com. 
ments were written. In any event, 
within the framework of a verbal 
classical-conditioning model, this study 
provides no support for "learning with- 
out awareness." Further verification of 
this finding would have wide-spread 
implications for current theories which 


1A. W. Staats, personal communication, 


1963. 
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where Aq is a small amount of binoc- 
ular disparity, Ad’ is the perceived 
depth interval which results from Aa, 
and S’ is a perceived size of a fronto- 
parallel extent whose retinal size 
(visual angle) is 6. The term C isa 
constant fora particular O. The ratio 
S'/0 is the perceived size per unit of 
retinal size at the distance of the 
objects producing Aa. As a ratio, 
S'/0 is independent of any particular 
frontoparallel extent and can be ap- 
plied to an entire frontoparallel plane. 

It is evident that 5'/0 usually is not 
constant throughout the visual field. 
For example, if perfect frontoparallel 
size constancy is present, for a con- 
stant value of 0, S’ and hence .$'/8 
will increase linearly with the physical 
distance from O. It is clear, therefore, 
that according to Equation 1, a con- 
stant value of binocular disparity will 
produce different perceived extents 
when it is perceived to be in portions 
of the visual field having different 
values of S’/0. It is the purpose of the 
present experiment to test this point 
of view. Objects producing a constant 
value of binocular disparity will be 
made to appear in portions of a field- 
of-view having different values of 
S'/0. 'The resulting perceived depth 
interval should increase as the value 
of 5'/0 increases. 


METHOD 
Apparatus 


Binocular stimuli.—A perspective sche- 
matic drawing of the apparatus is given in 
Fig. 1. A binocular disparity was generated 
by binocularly viewing a configuration pro- 
duced by two pairs of objects. One pair 
consisted of two luminous half-circles (Objects 
€ and f) and the other pair consisted of two 
luminous rectangles (Objects g and h). The 
four objects (e, f, g, and h) were Physically 
located to the right of O (see Fig, 1) Light 

Tom these objects passed through a black 
tunnel and was reflected from a mirror into 
the eyesof O. The result was that O p 
the objects to be in front of himself i 
8t their actual locations. 


erceived 
nstead of 
The perceived posi- 


tions of Objects e, f, g, and h are given in 
Fig. 1 ase’, f', g', and h’, respectively. 

As is illustrated in Fig. 1, Objects €, f, E 
and h were formed by placing a Bre 
fluorescent source of light (94 ft-L) peer 
appropriate apertures (Lichten = M 
1950). Care was taken that no light pu ts 
portion of the apparatus producing“ Vihe 
e, f, g, and h was visible except that fron E 
objects. Both Objects g and h (the nee : 
rectangles) were physically 277.2 cm. ane 
while both Objects e and f (the luminous Pis 
circles) were physically 252 cm. from 0. ad 
half-circles were always higher in the vist "i 
field (by 30’ of visual angle) than the eei c 
rectangles. For the average verp Pie y 
distance of the Os used in this study air 
em.), the binocular disparity between Bam 
of luminous rectangles and the pair o! SN 
circles was 477” of arc. The height and y 3 
of Objects g and h subtended visual ang'es a 
45' and 22.5' of arc, respectively. The d d 
Objects e and f were such as to Sube iis 
visual area equal to that subtended by O s 6f 
gand h. The horizontal separation pen i 
Objects e and f or between Objects g anc 
was 2°57’ of visual angle. and 

The physical position of Objects e, f, fus 
h was constant throughout the study. to 
both the convergence values of the eyes ie 
Objects e, f, g, and h in the binocular ore 
figuration and the binocular disparities t 
tween these objects were invariant throughou 
this study. . 1 

The alley.—As illustrated by Fig d 
Objects e’, f’, g’, and h’ appeared to be locate" 
in an alley which extended away from oO} 
distance. The floor of the alley (48 ft. Tong 
and 4 ft. wide) consisted of a checkerboa!” 
pattern of light and dark gray rectangles (8 n 
wide and 16 in. long). The alley was duret 
nated by a series of overhead fluores ie 
lights extending the length of the alley- t by 
sides of the alley were formed on the righ all 
white curtains and on the left by & d all 
covered with white cloth. The alley an a 
objects in the alley except Objects e, "S nd 
h were observed monocularly. This face 
accomplished by opaquing the back sur S in 
of that portion of the mirror which was 
front of the left eye of O. The mirror W? P 
first-surface mirror which both reflected sew 
transmitted light. This enabled O to “hile 
Objects e, f, g, and h with both eyes Re y 
viewing the alley with his right eye E 
Care was taken that the left eye of O w? 
darkness except for Objects e, f, g, and Gs ing 

To remove extraneous light, the view 
Position of O was enclosed in black velvet? t 
and a small black tube extended from the the 
eye of O to the vicinity of the left half of 


sa 
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PANEL 
POSITION 
A 


Fie. 1. 


the accommodative cue 
"etween objects in the visual field, 0 b ud 
Ne entire scene through two pem to his 
05 em. in diameter) located very C ys front 
Eyes. When a small black curtain na view 
of the viewing position was lowered, i x 
to the monocularly observed alley A F the 
Without disturbing the ability to hin rest 
Mocular stimuli. An adjustable £0 anda 
Was located at the viewing position © whitch 
light-adaptation surface (51 ft-L), d to 

Could be turned on or off by E, Noes 
€ left of the viewing position. lar con- 
To make the constant binocula of the 
figuration appear in different peiron, times, 
Monocularly observed alley at different t of 
.™onocularly observed panel bene a 
Sonal black and gray stripes was Ver P^ 
Presented at either 182.9 or 548.6 cm. {ro o 
In the alley. The two alternate Eu Fig 1 
© panel are illustrated as A and B of Fig. 1- 


mirror, To eliminate 


PANEL 
POSITION 


B 


FLUORESCENT 


Le LIGHT 
SOURCE 


1 tic perspective drawing of the apparatus used in the study. 
A schema 


It was anticipated that the binocular con- 
figuration would appear to O to be closer to 
himself (in a less distant portion of the 
monocularly observed alley) when the panel 
was in Position A rather than in Position B. 
Since some amount of frontoparallel size 
constancy would be expected to occur in the 
alley, the different distance positions in the 
alley would be expected to have different 
values of 5'/0. The process by which the 
panel would make the binocular configuration 
appear to change in distance position in the 
monocularly observed alley is called the 
“equidistance tendency" (Gogel, 1956). This 
is the tendency for objects to appear equi- 
distant unless restricted by the presence of 
effective depth cues. It is clear that, except 
for the equidistance tendency, there was no 
reason why the binocular configuration would 
appear at one distance rather than another in 
the alley. The only factor other than the 
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equidistance tendency available for localizing 
the binocular configuration in apparent dis- 
tance was the convergence of the eyes required 
for binocular fusion. But it has been demon- 
strated that this cue is usually ineffective 
in establishing a perceived distance (Gogel, 
1962b). Thus, the equidistance tendency 
would be expected to be effective between the 
binocularly observed objects and the monocu- 
larly observed panel with the result that the 
binocular configuration would appear to be 
at the distance vicinity of the panel. Other 
monocularly observed objects in the alley also 
would be expected to have an “‘equidistance” 
effect upon the binocularly observed objects. 
However, since the strength of the equi- 
distance tendency is inversely related to 
directional separation (Gogel, 1956), the most 
important determiner of the apparent position 
of the binocular objects would be the result of 
the equidistance tendency with respect to the 
panel. 

Measurements of apparent size and distance. 
— Three types of psychological measurements 
were required in this study. It was necessary 
to determine (a) that the change in the 
position of the panel was effective in inducing 
a change in the apparent position of the 
binocular configuration (Objects e', f", £', and 
h’), (b) that concomitant with the change in 
apparent position of the binocular configura- 
tion, the value of 5'/0 associated with the 
frontoparallel extents of the binocular con- 
figuration also changed, and (c) that the 
apparent depth within the binocular con- 
figuration changed in agreement with the 
change in S’/@. 

The measurement of the apparent depth 
position of Objects e, f, g, and A was accom- 
plished by using the track and cart (see 
Fig. 1). Attached to the cart by means of a 
black rod was a red card (10.1 cm. wide 
X 12.7 cm. high) presented vertically on the 
floor of the alley. The bottom of the red card 
always made contact with the floor of the 
alley. The red card was monocularly ob- 
served (with the right eye) and its distance 
position in the alley was clearly seen by the 
interposition of its bottom edge with the alley 
floor. By turning a knob with his right hand, 
O could move the cart along the track and 
consequently could move the red card in 
distance along the alley to the apparent depth 
position of Objects e, f, g, or h as required. 

To measure the values of S’ in the binocular 
configuration, a distance indicator using the 
kinesthetic modality was located at the 
Position of O. The device consisted of two 
vertical rods which O could grasp, one in 
each hand. The left rod was stationary 
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while the right rod could be moved laterally 
until the separation between the rods 
seemed to O to be the same as a desig- 
nated frontoparallel distance (width) in the 
binocular configuration. The hand-adjust- 
ment apparatus was not visible to O during 
the width adjustments. An attached scale 
permitted E to measure the lateral E 
(S’) which O adjusted between the rods. e 
similar device has been found in previous 
studies to be a valid measure of perceived size 
(Gogel, 1962a ; Gogel, Wist, & Harker, 1963). 
From the visual angle (0) of the width berik 
perceptually duplicated and the obtainec 
adjustment (S'), the ratio .5//0 could be 
computed. . 

The apparent depth within the [apes 
configuration (the apparent depth from bes 
rectangles to the half-circles) was also beer 
ured by means of the hand- diuine. 
apparatus. The Os kinesthetically adjustec 
the lateral distance between the rods a 
it appeared equal to the designated depth 
interval in the binocular configuration. 


Observers 


Ten men and six women were used as oe 
Each O had a stereoscopic acuity of at leas 
18" of arc as measured with the Keystone 
Multi-Stereo Test. As a consequence of r: 
preliminary test, several potential Os were nO 
used in the experiment because they saw some 
portion of the binocular configuration 1m- 
bedded in the surface of the panel. 


Procedure 


To determine that O saw the alley as ex- 
tending away from himself in distance, ? 
white (monocularly observed) target, 7.6 cm- 
wide and 20.3 cm. high, was presented ver 
tically on the floor of the alley at randomly 
presented distances of either 140, 235, 339 
425, or 520 cm. from O. Each O adjusted the 
red card to apparent equidistance with the 
white target at each of the physical distances 
and also made verbal estimates in feet of the 
distance of the white target from himself. 
During this procedure, the striped panel was 
located at its far position. Following these 
adjustments, the white target was remove 
and the front curtain was lowered, eliminating 
the view of the alley. The binocular stimu” 
were turned on and O checked to determine 
that he saw all four objects of the binocular 
stimulus (e, f, g, and h) with each eye. 
front curtain was raised and O was asked t? 
adjust the lateral distance between the inne" 
edges of the rods of the hand-adjustment 


à 
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apparatus until it seemed to be the same 
physical size as the extent between either: 
(a) the inner edges of the half-circles (a 
judgment of width, S'es) or; (b) the inner 
edges of the rectangles (a judgment of width, 
S'a) or; (c) the depth between the left half- 
Circle and the left rectangle (a judgment of 
depth, d'^,) or; (d) the depth between the 
right half-circle and the right rectangle (a 
judgment of depth, d'a). For a particular 
Position of the panel and a particular O, all 
judgments of width (or depth) were com- 
pleted before proceeding to the judgments of 
depth (or width). : 

Thee each ; used the hand-adjustment 
apparatus to make two width and two depth 
judgments for each of the two positions of 
the panel. Each O repeated cach width or 
depth judgment three times. The starting 
Position for the hands for these adjustments 
hands together or hands far apart) M. 
Systematically varied. Following each se s 
three width or depth judgments, O adjus e 
the red card to the distance of each of b 
binocular objects involved in the te genes 
Judgment, verbally estimated in fee s 
istance to cach binocular object, and Bees 
to look at the light-adaptation moy = 
Was turned on by E for approximate i ades 

fter completing the width and dept psi 3 
ments for one position of the stripec Ps Ti» 
Adjusted the red card to the distat HH 
Danel, and verbally estimated this Fo 
Tom himself in feet. Following d des 
Striped panel was moved to the secon d 
ance and the judgments were ed 

ith half the Os, the panel was pue se 
irst at the near position and then at tee 
Position, ith the remaining Os, the or! 
Presentation was reversed. 


RESULTS 


Figure 2 contains the average "i 
Sults expressed in centimeters d 
9th from the adjustment of zu e 
ard to the apparent distances o a 
White target and from the Bo E 
"Ports of the distances of the w de 
arget. [tis clear from Fig. 2 ires [0] 
alley appeared to extend away = s 
in distance and that increasing va a 
Cart adjustment (or verbal E ys 
je resent increasing values © P 
Ved distance. ; 
The mean and median results - 
Centimeters for the hand adjustme! 


Te 


300 - 


200 L 


(00 - 
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Fic. 2. The relation between behavioral and 


physical distance in the alley. 


are given in Table 1. The measure- 
ments of perceived depth between the 
left and right pairs of binocular ob- 
jects have been averaged in the d' data 
of Table 1. For two Os, the perceived 
depth within the binocular configura- 
tion was greater than could be meas- 
ured with the hand-adjustment ap- 
paratus. These two Os were asked to 
perceptually duplicate only 3 of the 
magnitude of each extent within the 
binocular configuration and, therefore, 
the results from these Os were multi- 
plied by 3 to arrive at the values which 
would be expected to occur if these Os 
had been able to make the apparent 


TABLE 1 


DEPTH AND WIDTH ADJUSTMENTS IN 
CENTIMETERS AS A FUNCTION OF 
THE APPARENT POSITION OF 
THE CONFIGURATION 


Width Adjustments ($°) 


Depth | a 
Distance aa a Between Between 
Position Hali-Circles | Rectangles 
eae (St) (Son) 

M |Mdn.| M |Mdn.| M | Man, 

68.2 | 42.1 | 38.4 | 37.0 | 45.3 | 37.0 
1829 378 | 260 | 31:5 | 31:3 | 348 | 23:2 
Difference | 30.4 | 16.1 | 69 | 5.7 | 10:5 | 13:8 
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unit of visual angle of frontoparallel 
objects (5'/0), not the change in per- 
ceived absolute distance, was the signifi- 
cant variable. 

The viewpoint expressed in the present 
study illustrates the importance of so- 
called “monocular cues" upon the depth 
perception resulting from binocular cues, 
Many cue systems affect S’ and, through 
'/0, affect the perception of depth from 
binocular disparity. Thus, the monoc- 
ular cues, to the extent that they deter- 
mine S’, also determine the perceived 
depth associated with a particular binoc- 
ular disparity. This statement is not 
equivalent to the truism that a variety 
of cue systems contributes to the percep- 
tion of depth. The assertion is that the 
perceived depth per unit of binocular 
disparity (Ad'/Aa of Equation 1) is not 
predictable unless the perceived size per 
unit of visual angle of frontoparallel ex- 
tents (5'/0) in the depth vicinity of the 
disparity is known. Except in the case 
of zero amount of size constancy, the 
value of S'/0 will differ for different 
distances in the visual field. Unless the 
values of 5'/0 are known, the perceived 
depth from a binocular disparity in any 
specified part of the visual field cannot 
be predicted. The amount of size con- 
stancy present and the magnitude of the 
perceived depth between binocular ob- 
jects are interrelated phenomena and a 
theory of binocular vision is incomplete 
unless it provides for this interrelation. 

Visual judgments of extent occur also 
in situations in which only binocular 
cues to size and distance are available. 
It is asserted that in these situations also, 
the perceived depth per unit of binocular 
disparity (Ad'/Ao) and the perceived 
Size per unit of visual angle of fronto- 
parallel extents (5'/0) will vary con- 
comitantly as a function of distance. 
According to Equation 1, Ad'/Aa and 
S'/0 are proportional in any situation 
involving depth intervals determined by 
binocular disparity cues. 
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According to Jones’ 2-process theory of classi 


"al aversive conditioning, 


backward presentation of the CS and UCS at a temporal separation 
exactly equal to the UCR latency should lead to the fastest conditioning 
on the early trials. This prediction was tested by attempting simul- 


taneous backward conditioning of the long-latency 


GSR and the short- 


latency eyeblink and finger-withdrawal responses, using a 1,500-msec. 
UCS-CS interval in one group and a 40-msec. interval in the other. 
Contrary to prediction, there was no evidence for conditioning of the 


short-l 
predic! 


atency responses under either UCS-CS interval, but in line with 
tion the 1,500-msec. group showed larger conditioned GSRs after 
i 


only 2 UCS-CS pairings and then remained superior to the 50-msec. 


group for the rest of the 30-t 


In a recent theoretical article, Jones 
(1962) has elaborated a theory of 
Classical aversive conditioning which 
attempts to integrate the data from 
Numerous studies of conditioning as à 
Unction of CS-UCS interval. Briefly, 
this theory views conditioning : 
Involving two conceptually incigpe 
ent processes, both of which contrib- 
Ute to the observed changes n 
response probability that constitute 
Conditioning. 
The first d these two processes he 
contiguity process) is a positive i 
creasing function of the [o gan 
Proximity of the CS and the UCR. : 
'S assumed that the closer mM time 
"respective of order) the CS E 
CR, the greater is the increment i» 
trial in the capacity of the CS to evo 
R. . 
The second process (the ph 
cient Process) depends upon the d 
'SUity process already having xd que 
Ome CRs to occur and is assume of 
© a positive increasing n neil 
Ue temporal proximity of pen have 
= Thus, once some CRs 


Er E 
"Bun to occur, the closer in time th 


S 


rial conditioning session. 


CR is to the UCS (again, irrespective 
of order), the greater will be the 
increment per trial in the capacity of 
the CS to evoke a CR on subsequent 
trials. 

Observed changes in response prob- 
ability, then, are assumed to be de- 
termined by a summation of these two 
processes. 

As Jones has clearly shown, this 
kind of a theory makes a number of 
novel predictions about numerous 
aspects of conditioning as a function of 
CS-UCS interval and UCR latency. 

Of particular interest for the present 
paper are the predictions about the 
effects of backward-conditioning pro- 
cedures. In particular, this theory 
predicts that on the early trials of 
conditioning, when the contiguity 
process is providing the predominant 
part of any observed changes in re- 
sponse probability, a backward pres- 
entation of the CS and UCS should 
lead to the fastest rise in the condi- 
tioning curve. Since the UCR always 
has some finite latency following the 
onset of the UCS, the closest temporal 
proximity of the CS and UCR would 
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be achieved when the UCS precedes 
the CS by exactly the UCR latency. 
In this way, the CS and UCR would 
be made to occur simultaneously, and 
thus we would expect the fastest con- 
ditioning on the basis of the con- 
tiguity process alone. 

It should be noted that this predic- 
tion only holds for the early period 
of conditioning when the contiguity 
process is clearly dominant. Once 
some CRs have begun to occur, the 
reinforcement process will also come 
into play and alter this relationship. 

In a recent experiment, Champion 
and Jones (1961) have provided some 
support for this prediction by showing 
a slightly greater increase in GSR 
amplitude following a single back- 
ward-conditioning trial with a 750- 
msec. interstimulus interval than fol- 
lowing a single forward-conditioning 
trial with a 500-msec. interstimulus 
interval. Following this first trial, 
however, the forward group rose to a 
significantly higher level of responding 
than the backward group and re- 
mained there throughout the rest of 
conditioning. Similarly, Champion 
(1962) has shown a faster initial rise 
in the GSR conditioning curve when 
the UCS precedes the CS by 1,200 
msec. than when it precedes it by 
2,800 msec. or follows it by 400 msec. 

A related implication of. this theory 
is that the optimum backward-inter- 
stimulus interval for conditioning 
during this early period will be related 
to the UCR latency: the longer the 
UCR latency, the more the UCS must 
precede the CS if the UCR and CS are 
to occur simultaneously. 

_ The purpose of the present study 
is to collect data on these implications 
of Jones’ theory by attempting back- 
ward conditioning of three responses 
simultaneously. Two of these re- 
sponses (eyeblink and finger with- 
drawal) have a relatively short UCR 


latency while the third (GSR) has 
a relatively long UCR latency. Thus, 
according ‘to Jones’ theory, one would 
expect the short-latency responses E^ 
show the faster increase on carly trials 
when the UCS precedes the CS by a 
short time interval and the long- 
latency responses to show the faster 
initial increase with a relatively long 
UCS-CS separation. 


METHOD 


Subjects. —The Ss were 14 male and i 
female volunteers from an elementary c9 
in psychology. ; 

P arata Tease bout the experimen 
Ss were seated in an adjustable chair vuip- 
semisoundproof room. ‘The recording in z 
ment and stimulus controls were house ini- 
separate room from which E could commu 
cate with S via an intercom system. z 

The apparatus for recording the iE pu 
responses and presenting the CS and am slid 
was identical to that used in previous "lowa 
conditioning experiments from the 
laboratory (cf. Spence, 1953). z waoht? 

The CS was a 500-msec. increase in br er 
ness (.004 ml.-3.00 ml.) of a 2.25-in. BET dy 
circular milk-glass disk, located approxima sa 
4 ft. directly in front of S. The UCS W uet 
combination of a 2-psi air puff of 50 meer 
duration delivered through a .062-in. diame ic 
oriface to the right cornea and an elec rt 
shock delivered to the middle finger of the dis- 
hand. The shock was provided by e x 
charge of a 4-uf. capacitor, charge¢ ape 
variable-voltage power supply, through vide. 
per electrodes 1 in. long and .25 in- lier 
One of these electrodes was taped to € left 
lateral surface of the middle finger of we de 
hand, distal to the third joint. E fpa 
paste was used to provide good skin co 
over the entire area of the electrodes. 

'The GSR was recorded by means ofa h 0 
diameter zinc electrode strapped to pen an 
S's palms, a Hunter GSR amplifier, 20° ^A 
Esterline-Angus recording milliam meter: 
5% zinc sulphate electrode paste was u con 
the electrodes to insure minimal electrode 
tact resistance. rded 

Finger-withdrawal responses were reco ut 
by means of a small copper disc taped ie of 
insulated from the tip of the middle fing nd 
S'sleft hand in sucha way that when the ^ 
was relaxed, the disc rested on a metà d? 
on the chair arm. This contact clos® 


clid 


j-n: 


ger 
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circuit to a marker pen of the polygraph used 
to record eyelid responses. Thus, when S's 
finger jumped off the arm of the chair, this 
contact was broken and the marker pen 
deflected. . 
Procedure,—W hen S arrived at the experi- 
mental room, he was first asked to wash his 
hands and then was scated in the chair and the 
various pieces of apparatus were connected to 
him. These consisted of (a) the headset 
containing the eyelid-movement sensor and 
the air-puff nozzle; (b) the two GSR elec- 
trodes; (c) the two shock electrodes ; and (d) 
the metal disc for recording finger withdrawals. 
After these were connected and the ap- 
Paratus was ascertained to be functioning 
Properly, S was read a prepared set of in- 
Structions which described the experiment as 
being concerned with collecting n 
data on certain muscular and eiie pa 
responses to a number of stimuli delivered in 
various combinations. The S was — 
that he would receive air pulls, shocks, qe 
lights, that he should look at the light at E 
times, and that the shocks would epe his 
finger to jump slightly off the arm of the c ee 
The 5 was requested not to attempt to res a 
this movement of his finger but to be ass Es 
replace his finger on the metal plate as soon à: 
the shock had subsided. . —' 
Following these instructions, t “ = mi 
evel to be used during the experiment P s 
Was determined for each S. This vas La 
Plished by giving S a series of shocks s ems 
at 30 v. and increasing by 10 V. on ‘tell 
Successive trial. The S was instructed E A 
* when the shock became as intense. as wes 
thought he could stand. This, then, = E 
Shock leve] that was used througkon a 
Sxperiment, Tf S did not stop the 5 ARA 
Crease by 150 v., no further pape o s 
Made, and the 150-v. level was ae of 
Subsequent | presentations. Re ene his 
What shock intensity S indicated cies he 
mit, however, further shocks 4m Sock 
Until § had received a total © 1 n 
Presentations during this preliminary Pans 
n the last three of these shock presen ted ! 
the air puff was simultaneously pe are s 
Following this preliminary Lego Be 
also received three presentations ol ae 
One, "Thess trials provided a measur SS satis 
capacity of the CS to evoke OF ie UCS 
aSponses prior to actual paa landi 
3 but following a series of shoc detest 
Puffs Similar to that which would prec 
Tials during actual conditionins- —2 
hi € experiment proper Was ENSA kward- 
'S consisted of a series of 30 bac 


conditioning trials on which the UCS was 
presented followed by the CS and interspersed 
among which were seven test trials on which 
the CS alone was presented. The sequence of 
conditioning and test trials was the same for 
all Ss, the test trials being presented after 
Conditioning Trials 2, 5, 9, 14, 20, 25, and 30. 
Group 40 had an interval of 40 msec. separat- 
ing the onset of the UCS and the onset of the 
CS (the approximate average latency of the 
unconditioned eyelid reflex with a 2-psi air 
puff), and Group 1,500 had an interval of 
1,500 msec. separating the onset of the UCS 
and the CS (the approximate average latency 
of the unconditioned GSR response under 
these conditions of evocation). Group 40 
was comprised of eight males and seven 
females and Group 1,500 of seven males and 
seven females. 

The test trials were administered exactly 
às the conditioning trials except for the 
omission of both UCSs. The intertrial inter- 
val separating all trials was determined to a 
large extent by how long the GSR took to 
return to a stable level after each trial, but 
45 sec. was adopted as an arbitrary minimum 
intertrial interval. 


The results of this experiment are 
summarized in Fig. 1 where the per- 
formance of both groups on all three 
responses is plotted as a function of 
the number of conditioning trials. A 
number of points are rather immedi- 
ately obvious from this figure. First, 
finger withdrawals to the CS were 
extremely rare. Of a total of 203 
trials (29 Ss X 7 test trials) on which 
such a response could have been 
observed, only 7 responses were 
actually recorded, 5 in the 1,500-msec. 
group and 2 in the 40-msec. group. 
This fact, taken in combination with 
the curves in Fig. 1, makes any 
attempt to determine a statistical 
difference between the two groups 
superfluous. 

Second, while the absolute fre- 
quency of eyeblinks was somewhat 
larger than the finger withdrawals, 
there was again no systematic differ- 
e between the overall response 
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Backward-conditioning curves for GSR, eyeblink, 


and finger-withdrawal responses. 


levels or the trends of the two groups. 
The total number of responses over 
all test trials was exactly 25 for both 
groups. 

For the GSR response, a somewhat 
different picture obtains. A rather 
large difference in favor of the 1,500- 
msec. group was present on the first 
test trial and was maintained through- 
out the remainder of conditioning. 
A Mann-Whitney U test of the dif- 
ference between the two groups on 
relative resistance change on the first 
test trial was significant beyond the 
-002 level, and a similar test on aver- 
age relative resistance change over 
all seven test trials reached the .02 
level of significance.! Moreover, 12/14 
Ss in Group 1,500 showed a larger 
absolute GSR on the first test trial 
than on the pretest trials (p < .01, 
Sign test) whereas in Group 40 only 
8/15 showed such an increase, 

! For a given S, relative resistance change 
on each test trial was computed as the ratio 
of resistance change in ohms on that trial to 
the average resistance change for that S on 
the three CS-alone trials given immediately 
Prior to the beginning of conditioning. The 


median of this ratio across Ss is what is 
Plotted in Fig. 1, 


The apparent downward trend o 
the GSR curves did not approach wd 
ventional levels of statistical cue 
cance on the Wilcoxon 7' test ned 
each group was tested separately d 
when both groups were combine a 
Similarly, the interaction niit 
groups and trials did not approac 
significance. 

Results essentially the same a$ 
those presented in Fig. 1 were also 
found for mean relative resistance 
change, the only difference being 
the means were somewhat less stab i 
from test trial to test trial. Similarly, 
using a measure previously employ" 
by Jones (1961), Champion and Jon h 
(1961), and Champion (1962) wer 
involves plotting the percentage 0 SR 
in each group which give relative i i 
responses on each trial greater t^ st 
the overall median of all Ss on all b 
trials yields results paralleling closely 
those presented in Fig. 1. 


Discussion 


Taken as a whole, these data cast a 
doubt on the generality of Jones’ d | 
process interpretation of classical ave 
sive conditioning. The failure to fi? 
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any evidence for backward conditioning 
of either of the short-latency responses at 
either the 40- or the 1,500-msec. USC- 
CS interval is consistent with Champion's 
(1962) recent failure to find backward 
eyelid conditioning at either 1,200- or 
2,800-msec. UCS-CS intervals. When 
these results are taken in combination 
With the classic results of Spooner and 
Kellogg (1947), there is little option but 
to conclude that backward conditioning 
of either the eyelid or the finger with- 
drawal is not possible. This, then, 
implies that at least that part of Jones 
theory relevant to the relationship be- 
tween backward conditioning and UCR 
latency is in need of modification. "e" 
There is left, however, the possibility 
that this theory does describe what we 
Call conditioning of the GSR. The 
Present study shows increased GSR fol- 
lowing just two backward-conditioning 
trials with a 1,500-msec. interval, — a 
Such increase with a 40-msec. interval 
hampion (1962) has recently Rome 
similar results, finding a much si 
increase in GSR following three PAN. 
Ward-conditioning trials with a L2 : 
"hsec. interval than with a 2,800-msec. 
ackward interval or with a p pnr 
°rward interval, and Champion an 
Ones (1961) have shown backward iT 
“'tioning of the GSR with a Ime : 
interval in a design controlling dd 
PSeudoconditioning. Therefore, it wou 


seem that not only does backward condi- 
tioning occur with the GSR but also that 
the amount of such conditioning is 
related to the UCR latency in the manner 
predicted by Jones’ theory. The exact 
implications of this difference between 

GSR conditioning and the conditioning 

of other responses are not entirely clear 

on the basis of research to date, but the 

Possibility that what we call conditioning 

of the GSR involves a different mech- 

anism from that involved in the condi- 
tioning of these other responses cannot 
be ignored. 
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FORMS OF RELEVANT STIMULUS REDUNDANCY 
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This study explored the effects of 2 forms of relevant stimulus re- 
dundancy within a concept-identification problem. | Form À ee 
dancy exists when the levels of 2 stimulus dimensions are perfect y 
correlated. Form B redundancy exists when the levels of 1 dimension 
are contingent upon a combination of levels within 2 or more other 
dimensions, but there is no correlation between pairs of dimensions. 
The results showed that redundancy of both forms within relevant 
dimensions facilitated performance relative to problems having the 
same stimulus uncertainty. Increasing amounts of irrelevant in- 
formation degraded performance and did not interact with form of 


redundancy. 


The population of stimulus patterns 
employed in the typical concept- 
identification study is generated by a 
fixed set of dimensions, each with two 
or morelevels. If fewer patterns than 
the total number possible are used in 
a problem, the population of patterns 
is redundant. Garner (1962) made 
explicit the distinction between form 
and amount of redundancy, defining 
amount as the number of patterns 
actually used relative to the total 
generated by the set of dimensions 
and form as the particular patterns 
included. 

Bourne and Haygood (1959) have 
reported evidence on the effects of 
amount of redundancy of two different 
forms on performance in concept- 
identification tasks. When the redun- 
dancy is limited to those dimensions 
which are relevant to problem solu- 
tion, performance improves as redun- 
dancy increases, the effect being more 
marked as the number of nonredun- 
dant irrelevant dimensions increases. 
The general result holds even in 
problems with no irrelevant dimen- 
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sions (Bourne & Haygood, 1960) and 
despite the fact that relevant dimen 
sions were added to the original set t 
dimensions to create the redundant 
stimulus population. In another d 
periment, the amount of irreleva 
stimulus redundancy was varied — 
a resulting decrement in performance 
on both two-response (one relevan 
dimension) and four-response (two 
nonredundant relevant dimensions 
problems. The effect of adding T€" 
dundant irrelevant dimensions Wasi 
however, not as great as that attribut- 
able to comparable amounts of non 
redundant irrelevant dimensions. 
In these experiments, any tw | 
dundant dimensions were completely 
correlated, i.e., in any pattern a aen 
level on one dimension was alway" 
combined with a particular level P 
the other. The difference in form i- 
redundancy between these two expe 
ments is based on the relevancy r 
the dimensions involved. As Garne 
(1962) points out, there are many 
other forms of redundancy which n 
produce differential effects on Lori 
formance, irrespective of any ©? 
comitant variation in the amount 
redundancy. There are, however: = 
experiments which have been purpo? 
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fully and adequately designed to 
study these forms. 

Results of an experiment reported 
by Bricker (1955) suggest that the 
form of redundancy within relevant 
dimensions may significantly deter- 
mine the efficiency of pattern identi- 
fication. The basic set of eight 
nonredundant patterns used in Brick- 
er's procedure was generated from 
three binary dimensions. One and 
2 bits of stimulus redundancy were 
introduced into this set by adding a 
fourth and a fifth variable dimension 
While holding the total number of 
Patterns to eight. Results showed 
that redundancy impeded perform- 
ance, measured both in rate of learn- 
ing to assign proper nonsense-syllable 
labels to the patterns and in speed of 
responding. Inspection of the Bele 
terns selected from the total set. that 
Could be generated from five binary 

imensions indicates that the two 

redundant dimensions differed in vee 
The first redundant dimension, addec 

| in all cases to produce 1 bit of redun- 

| ancy, was uncorrelated with ai 

Single dimension but was perfect Y 

Predictable from the eo: m d 

*vels of three other dimensions. The 

Second redundant dimension, added to 

Produce 2 bits of redundancy, Was 

r Perfectly correlated with one uo 
Sion of the original set of three. : 

that Such a redundant dimension ke 
Precisely the same form used in al 

Conditions of the Bourne and Hay 

pd experiments, wherein relevan 

redundancy was found to improse 

re ‘ably the efficiency of concep 

i 8htification. j 

"a sense, the variables of form ai 

Mount of redundancy were con 

unded in the design of Brekers 

Y- Despite this, there 1S ed 

postive evidence in the results pis 
iE of redundancy is an effecti : 

ariable irrespective of the amount. 
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Although both redundancy groups 
produced worse performance than the 
control, the 2-bit redundancy condi- 
tion was superior on all measures to 
the 1-bit condition. In other words, 
adding the fifth redundant dimension 
improved performance somewhat, an 
effect which might be expected on the 
basis of the experiments of Bourne and 
Haygood. 

A rigorous comparison of the 
forms of redundancy appearing in 
the Bricker experiment is warranted, 
Bricker's procedure does not satisfy 
two requirements necessary for such 
a comparison. First, as noted, its 
design does not provide for independ- 
ent manipulation of form and amount 
of redundancy. Second, the proper 
control conditions for the comparison 
are missing. Just as in the Bourne 
and Haygood study, redundancy was 
introduced by adding dimensions to 
the initial set while holding the 
number of different patterns used 
constant. This has the effect of in- 
creasing, with redundancy, the un- 
certainty in the system of stimulus 
dimensions which may be an inde- 
pendent determiner of performance 
(Garner, 1962). For complete in- 
formation on the effects of stimulus 
redundancy, a control condition with 
stimulus uncertainty equal to that for 
all redundancy conditions is needed. 

The purpose of this experiment is to 
compare the two forms of relevant 
stimulus redundancy, used by Bricker, 
within four-response concept-identi- 
fication tasks. Conventionally, such 
problems have a unique solution in 
two binary dimensions, produced by 
the four conjunctive combinations of 
levels within these relevant dimen- 
sions. To produce the two redun- 
dancy conditions, a third dimension 
was added either by correlating its 
levels with the levels of one of the two 
initially relevant dimensions, as with 
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Bricker’s fifth dimension (Form A), 
or by correlating its levels with a 
combination of both initially relevant 
dimensions, as with Bricker's fourth 
dimension (Form B). Table 1 shows 
schematically the arrangement of 
threerelevant dimensions under Forms 
A and B redundancy. For compari- 
son, two control conditions were em- 
ployed. For one, the third dimension 
which had been used as redundant 
was allowed to vary independently, 
thereby producing stimulus uncer- 
tainty equal to that for redundancy 
conditions. Compared to redun- 
dancy conditions, there were twice as 
many different patterns in the popula- 
tion on which the concept problem is 
defined in this control. A second con- 
trol, comparable to that used by both 
Bricker and Bourne and Haygood, 
eliminated the third dimension, so 
that the uncertainty in the System was 
reduced by 1 bit, but the total number 
of patterns in the population was the 
same as in redundancy conditions. 

In the face of conflicting results on 
the effect of redundancy and of some- 
what different task requirements in 
earlier experiments, it is difficult to 
make any firm predictions on the out- 
come of this study. For example, 


TABLE 1 
ARRANGEMENT OF LEVELS WITHIN Two 
INDEPENDENT AND ONE REDUNDANT 
RELEVANT BINARY DIMENSIONS 
IN Foun-RrsPONsE PROBLEMS 


Independent 
z Redundant 
PAN Dimension 
Response uds 
I II Form A | Form B 
A 1 1 1 1 
B 1 0 1 0 
C 0 1 0 0 
D 0 0 0 1 


Note—Binary numbers designate the diff 

RE Y E eren! 

levels within any dimension. 1 
^ The typical four-response problem 


T pical has a singl 
Unique solution in these two dimensions, d 


Bricker found both forms of redun- 
dancy to impede performance relative 
to a control group, for which the 
stimulus patterns had lesser uncer- 
tainty. With uncertainty a 
redundancy might have facilitatec 
performance in his task. [owed 
Bricker exposed patterns to S for on y 
.7 sec. Garner (1962) argues that 
short exposures may reduce the in- 
fluence of relevant stimulus redun- 
dancy. Available data do i. 
however, that performance un s 
Form A redundancy will be sign! in 
cantly superior to that under Form E 
and that, with unlimited time 
inspect and respond to a pattern, 
which is the ordinary condition - 
concept-identification | studies, pru 
forms of redundancy will be superio 
to a control with equal stimulus u^* 
certainty. » i 
To increase the range of validity kc 
any conclusions that may be pn^ 
from this study, redundancy n 
control conditions were establishe 
under three amounts of irrelevant 17 
formation. From earlier studies 9 
concept identification (Bourne & Hay- 
good, 1959) it may be expected that 
any effect of redundancy will bt 
magnified in problems with greate" 
amounts of irrelevant information. 


METHOD 


, task 
Task, procedure, and apparatus.—T he "T. 
and procedure were essentially the San iil 
those used in earlier concept-identifica f 
studies (e.g., Bourne & Haygood, E de 
Each S was presented at the outset wit lem: 
tailed instructions describing (a) the prob TO? 
including various solution possibilities, Fite 
vided by the presence of redundancy, f the 
response requirements, (c) the meaning 0! E 
feedback signal lamps, (d) the stimulus dn 
sions and their two levels, and (e) the crite7 10 
of problem solution. The S was require id 
respond to each of the serially presen 
geometric stimulus patterns by pressing ac 
of four buttons. Immediately after bem , 
response, the pattern was removed and à fe 
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back lamp was turned on over the correct 
button. The S's task was to learn that these 
buttons corresponded to the conjunctive com- 
binations of levels of the dimensions relevant 
to problem solution. One or more irrelevant 
dimensions, the levels of which were un- 
correlated with correct responses, appeared 
in all problems. As shown in Table 1, when 
either form of redundancy was present in a 
problem more than one solution or labeling 
scheme for the set of four buttons was correct. 
In all cases, however, only one response was 
correct for any given pattern. The criterion 
of problem solution was 16 consecutive correct 
responses. All conditions were self-paced in 
that S was allowed as much time as needed to 
res any pattern. 
The prese Eti of the patterns, the 
control of feedback signals (1 sec. duration) 
and of overall interstimulus interval (5 sec.), 
and the recording of responses were accom- 
plished automatically with. the concept- 
identification apparatus described by Bourne 
and Haygood (1959). oe 
‘Suna ae design.—The Ss ae 288 
students from introductory psychology classes 
who received class credit for "s 
"They were assigned randomly and in Sud 
number to the 24 independent wor p 
the experiment. In addition, 1 A bide 
eliminated for a variety of reasons, inc'uc 
failure to solve and temporary de a 
malfunction. These Ss were distribute 
Without bias across groups. — 
The experimental design was à i: de a 
factorial, with (a) four types of relevant I 
formation: Form A and Form B redund aps in 
nonredundant relevant information ae $1 
third dimension (redundant in Pres 4 ae 
B) eliminated (Control I), and nonredun ant 
information with the third dimension pres 


7 I); (b) three levels of 
but irrelevant (Control w and three irrele- 


task complexity: One, t liflerent prob- 
vant dimensions; and (c) wo € numbers 
ems. Note that in Control If, te i y two, 
Of irrelevant dimensions were actua trol II 
ree, and four. Two groups of Con over- 
Wo and three irrelevant dimensions) | lar 
“Pped Control I except for the Mer rane 
Stimulus dimensions chosen to be irrelevant. 


D . ause O! 
iLhese conditions were included becas o 
nown differences in the obvious! E 

Brown & 


Various dimensions (Archer, 1962; 
"cher, 1956), 
ReEsutrs AND DISCUSSION 


rig 
Mean number of errors tO m 
a function of type of releva 


^ CONTROL I 
4 CONTROL IL 
© FORM A REDUNDANCY 
D FORM B REDUNDANCY 


60 


MEAN ERRORS 


l 2 3 
NUMBER OF IRRELEVANT DIMENSIONS 


Fic. 1. Mean errors as a function of 
number of irrelevant dimensions and relevant- 
information condition. (Each plotted point 
represents 24 Ss.) 


information and number of irrelevant 
dimensions is shown in Fig. 1. An 
analysis of variance performed on 
these data showed reliable overall 
differences among conditions of rele- 
vant information, F (3,264) — 5.46, 
p <.005. Moreover, according to 
Duncan's test, performance under 
Form A redundancy was significantly 
superior to that under either control 
condition (p < .05). Performance 
under Form B redundancy, although 
numerically superior to Control I, 
was not significantly different. As 
expected, performance in Control II 
was worst; Form B redundancy was 
clearly superior to this condition 
(p < .05). Further analyses com- 
paring the two forms of redundancy 
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showed Form A superior to Form. B, 
F (1, 132) = 4.14, p < .05. A similar 
analysis of trials to solution showed 
exactly the same outcome. 


The results thus indicate that relevant 
stimulus redundancy facilitates perform- 
ance in four-response concept-identifica- 
tion problems. The outcome is consistent 
with the results of Bourne and Haygood 
(1959) who found Form A redundancy 
to facilitate performance in similar two- 
response tasks. Moreover, the reliable 
difference between two forms of redun- 
dancy confirms Garner’s (1962) expecta- 
tion about the importance of this as a 
variable, independent of amount of 
redundancy. 

These results appear to be discrepant 
with Bricker’s (1955) observation of a 
deleterious effect of relevant stimulus 
redundancy on pattern identification. 
While the difference in outcomes might 
be explicable on the basis of numerous 
differences in task requirements between 
experiments, in the interest of parsimony 
it is reasonable to search for an explana- 
tion which unifies these data. The fol- 
lowing four considerations are relevant to 
such an interpretation. (a) Bricker's 
experiment lacked one important control. 
His two redundancy conditions might 
have been superior to nonredundant 
conditions with comparable amounts of 
stimulus uncertainty, i.e. with the 
fourth and fifth dimensions varying in- 
dependently as irrelevant dimensions. 
Data of the present experiment show the 
facilitative effect of redundancy to be 
reduced when comparison is made against 
a control, analogous to Bricker's, with 
the same total number of patterns but 
less uncertainty. (b) Even against this 
control, however, redundancy improved 
Performance in the present experiment, 
Whereas it seemed to impede performance 
in Bricker's study. For this reason, it is 
Important to take cognizance of the 
nature of the stimulus displays used. 
Adding a (redundant) dimension to 
Bricker's display entailed the inclusion of 
a spatially separate binary element and 
thus increased the complexity of the 


display. Perceptually this means that S 
had to scan a broader field as the number 
of dimensions increased. In the v ec 
tasks, stimulus patterns were d 
compact (Shepard, Hovland, & Jen ge 
1961) so that the addition of a dimensi ; 
did not increase the complexity of d 
single pattern, although the amount : 
variation across patterns was a 
(c) Under conditions of unlimited ba 
posure, such a difference in — is 
displays may not be important; ther ie 
little evidence on the relative diment 
perceiving information in discrete wi 
compact patterns. However, Lets oe 
Probably because his study was pune = 
assessing reaction time as wel sis 
identification learning, exposed each ge 
tern for only .7 sec. Under such m 
Stances, as Garner (1962) argues, d 
redundancy may not have existed, uet 
ceptually, for S. The S may not ha * 
seen all elements of any given p 
If this is the case, inferior genu 
with redundancy would be expected, ns 
cause S can only use certain combinauo" 
of dimensions to respond correctly Fi- 
redundant stimulus patterns. (d) "i 
nally, in Bricker's experiment, the diffe s 
ence between forms of redundancy Wê 
confounded with amount of redundancy: 
In the present experiment, these two 
forms of relevant redundancy were 1507 
lated, with the result that Form : 
facilitated performance more than HORE 
B. Taking into account the abu 
mentioned considerations, Bricker's da 
are quite consistent with this finding 
He observed the fifth (second red udens 
dimension to improve performance OV y 
the 1-bit redundancy condition. It pie 
be argued that the expected i pil 
by Form A redundancy was sufficient i 
overcome interference resulting = 
short stimulus exposure and complex! 7 
and thus to produce better performan C. 
than that with Form B alone. In m 
way, both experiments, plus the earli 4 
studies of Bourne and Haygood, arg" 
that Form A is a powerful source ° 
relevant information to a learner. TT 
Why Form A redundancy is superio 
to Form B remains to be answeree: 


— ida 


There is at least one reason to expect 
problems with Form B redundancy to be 
easier. From Fig. 1, it can be seen that 
Form B provides three mutually inde- 
pendent ways in which a problem can be 
Solved whereas Form A redundancy gives 
only two. The most reasonable inter- 
pretation for the superiority of Form A 
lies in Garner's (1962) hypothesis that 
not all forms of redundancy or structure 
Within a system of stimulus dimensions 
are equally perceivable. Form A redun- 
dancy is based on a perfect correlation 
between the levels of the redundant di- 
Mensions and a single relevant dimen- 
Sion. In Form B, no single relevant 
dimension correlates with the redundant 
dimension, but rather the redundancy 
exists in the interaction of the levels of 
the two relevant dimensions and the 
redundant dimension. These data are in 
agreement with Garner's contention that 
‘orm B redundancy is much less PA 
Perceived and utilized than Form A. 
he facilitative effect of Form B nains 
dancy on concept identification 1s clearly 
reliable, however, at least when v 
Pared to a control condition vith hy he 
Same amount of stimulus uncertainty. 
pt identification 
9), the effect of 
dimensions on 


As is typical in conce 
(Bourne & Haygood, 195 
Dumbe irrelevant j 
errors a ER loti to be significant, 
F2, 264) = 21.55, p < .001, ane a 
sentially linear, Fin. (1, 264) = si rs 

X 001. No difference was foun EE 

^ tween problems, nor, despite the al en 

ent lack of parallelism among func eX 

Shown in Fig. 1, were any of the in m 
Ctions significant. An interaction 


P ion 

Ween amount of irrelevant Se ai 

Condition of relevant. A er 
as : basis O 

expected on the be ncept 


Studi i idancy in conce] 
: es of stimulus redur he earlier 


n form of 


Wi 


“ndancy was the m 
Variable. In the presen 
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only 1 bit of redundancy was permitted; 
in fact, only 1 bit of Form B redundancy 
is possible within the four-response prob- 
lem although the amount of Form A is 
unlimited. It may be that differing 
amounts of Form A redundancy in such 
tasks would interact with number of ir- 
relevant dimensions and that, in prob- 
lems with other response structures, dif- 
fering amounts of Form B redundancy 
would interact with irrelevant informa- 
tion. Such a demonstration was not the 
purpose of the present investigation, 
however. There is evidence here that 
form of redundancy, in limited amounts, 
does not interact with irrelevant in- 
formation and that the conclusions 
concerning the relative efficacy of forms 
of redundancy need not be qualified on 
this variable. 
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EFFECT OF INSTRUCTIONS UPON EYELID CONDITIONING ! 


MARGARET F. NICHOLLS axp GREGORY A. KIMBLE 


Duke University 


2 groups of 16 Ss each received 40 eyelid conditioning trials with 


facilitative and inhibitory instructions, 


Confirming previous findings, 


it was shown that the latter instructions inhibited the progress of con- 


ditioning. Supplementing previous results, this effect wa 


shown to be 


associated with habituation of the UCR. 


Studies by Miller (1939) and Norris and 
Grant (1948) have demonstrated that in- 
structions have an important effect upon 
eyelid conditioning: So-called "inhibitory" 
instructions, by comparison with “facilita- 
tive" or "neutral" instructions, result in a 
lowered level of conditioning. The purpose of 
this study was to test the hypothesis that this 
effect is the result of habituation of the UCR 
which, in a very different context, Kimble and 
Pennypacker (1963) have shown to be asso- 
ciated with poor conditioning. 

Method.—Two groups of 16 undergraduate 
students each were conditioned with facilita- 
tive and inhibitory instructions. There were 
8 males and 8 females in each group. The Ss 
were assigned to conditions alternatingly in 
order of appearance until it became necessary 
to depart from this procedure for the purpose 
of equating groups with respect to sex, 

The eyelid-conditioning apparatus was a 
modification of that previously used in this 
laboratory (Dufort & Kimble, 1958). The S 
sat in a well-lighted, sound-deadened cham- 
ber. Ink-written records of the eyeblink were 
obtained by a system consisting of a micro- 
torque potentiometer connected to a false 
eyelash taped to S's right eyelid, a bridging 
circuit supplied by the Grass Instrument 
Company, a Grass driver amplifier, and a 
Grass Model 5 polygraph. The UCS was a 
-10-sec. air puff delivered through a in. 
aperture to the right cornea from a distance of 
about .5 in. ata pressure capable of supporting 
a 180-mm. column of mercu ty. The intertrial 
interval varied irregularly from 10 to 20 sec. 
averaging 15 sec. The CS was the onset of 
a circular red light of 1i in. diameter, pro- 
duced by a Grason-Stadler multiple-stim 
Projector. The CS-UCS interval was .5 sec. 

The two sets of instructions were identical 
except that Ss given facilitative instructions 
were told to: “Relax and let your eye reactions 
take care of themselves, If you feel your eye 


ulus 


‘This experiment recei 


; ved financial support from 
National Sci 


ence Foundation Grant NSF-G 7079, 


close or about to close, do nothing to E 
it." The Ss given inhibitory Sele a 
were told to: “Concentrate on not Lun uei 
until you feel the puff of air. That is, an ae 
to blink after the light comes on until y 
feel the air puff." 3 21 
After slate these instructions, eer 
both groups received 5 prelimi, scia] 
(2 trials with the CS alone followed by 3 UC 
with the UCS alone) and 40 paired CS- 
conditioning trials. : 
Results—All responses with latencies dp 
-25 to .50 sec. and a deflection of 1 mi, = 
more from a stable baseline were countec d 
CRs. Conditioning curves for the idan 
with inhibitory and facilitative insti ee 
appear in Fig. 1 where percentages of aon 
plotted against trials in blocks of 5. ei 
difference in level of conditioning between n A 
two groups was statistically significant forta 
entire 40 trials and for the last 20 ed 
Respective ¢ values (df = 30) were 4.20 anc 
3.41 (p = .005 in cach case). he 
Before testing our hypothesis that P 
inferior conditioning of the group receivit 
inhibitory instructions was associated ia i 
differential habituation of the UCR, ie i 
important to show that the differences, " 
instructions produced no difference in P 
initial strength of the UCR. According? 
median amplitudes of the UCR on the e 
liminary trials with the UCS alone eie 
determined for each S. The means of t ee 
values, 34 mm. and 33 mm. for the facilitat?^ 
and inhibitory groups, respectively, were n 
reliably different (¢ = 0.32). Thus there y ai 
evidence that the different instructions had "e 
immediate effect upon the amplitude of t 
UCR. of 
To test the hypothesis that the effect € 
instructions upon conditioning might eae 
been produced by differential habituato™ 
two analyses were performed. The first d 3 
volved a comparison of the amplitudes of th 
UCR on the last conditioning trial on whic? 
no CR occurred. The mean of these magn! 
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PERCENTAGE OF CONDITIONED RESPONSES 
a 
o 
| 


Let your reactions take care 

of themselves. Ifyou feel your 
eye closing or about to close 
do nothing to prevent it. 


Concentrate on not blinking 
until you feel the puff of air. 


[o] 1-5 


TE T | ae 
16-20 21-25 26-30 31-35 36-40 


TRIALS BY FIVES 


Fic. 1, Mean percent 


tudes was 26 mm. for the group receiving 
inhibitory instructions and 31 mm. P 
&roup receiving facilitative instructions. m. 
ifference approaches significance, t E 
7 1.8, p = 40. The second analysis supplies 
clearer evidence in support of the hypothesis. 
his wasan analysis of the amount of decrease 
A UCR amplitude during gontin e, 
Teflected by the difference in amplitude o 


i the last 
LER before conditioning and n Ld = 
"ditioning trial without a CR. Tunes 


pecctive decreases were 2.69 mm. f 
Acilitative-instructions group and 831 130) 
2r the inhibitory-instructions group» Mer 
4,206, p = 995. The increase in A E 
“ance between the previous analyst and iod 
in^ Presumably reflects the puer pm 

resp Second analysis by taking 
SPonse strength into account. - 
Me results of this experiment Suge 
im "ing conclusions: (a) Cotes tin 
its of previous studies, facilitative ane! Is 
‘ory instructions result in different is 
ciate  ditioning, (b) This difference is 2550" 
*d with the greater degree of habituation 


ggest the 


of CRs for Ss conditioned with facilitative and inhibitory instructions. 
age € S T9E b 


of the UCR in Ss receiving inhibitory in- 
structions. 

As a further test of the second conclusion, 
conditioning was compared within each group 
for Ss who showed large and small amounts of 
habituation. Each major group of Ss was 
divided into two subgroups. The two groups 
were those Ss whose decreases in UCR 
amplitude were above and below the median 
difference between the pre-experimental UCR 
amplitude and the UCR amplitude on the last 
trial without a CR. For the group condi- 
tioned with inhibitory instructions, the mean 
numbers of CRs for the subgroups showing 
large and small amounts of habituation were 
4.6 and 11.5, respectively. Evaluated by a 
one-tailed ¢ test, the difference between these 
values was significant, £ (14) = 1.86, b = .05. 
For the subgroups with facilitative instruc- 
tions, the trend was in the same direction. 
Comparable mean numbers of CRs were 19.0 
and 25.6. The T -— however, was not 

ignificant (t — 1.2). . 
pe some importance is that the 
esults of this experiment almost exactly 
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parallel those of Kimble and Pennypacker in 
their comparison of eyelid conditioning in 
young and aged Ss. The suggestion is that 
the degree of habituation of the UCR is a 
process of general significance in determining 
the progress of this form of learning. It seems 
likely, however, that, whereas differences in 
habituation resulted from physiological dif- 
ferences in the Kimble and Pennypacker 
study, in this study they reflect differences in 
Set or attitude. 
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TION AND CODING 


IN VISUAL PERCEPTION ! 


RALPH NORMAN HABER 


Yale University 


The replication supported and extended the findings of an experiment 


by Harris and Haber (1963). 
briefly presented stimuli was fou 


had a smaller effect on 
by English syntax. 7 
they were told to atte 


Harris and Haber (1963) reported that the 
effects of selective attention on a perceptual 
task could be adequately accounted for by 
differences in the way Ss verbally encoded the 
stimulus before reporting it. Further, check- 
ing on a contention of Lawrence and LaBerge 
(1956) that the effects of attention instruc- 
tions were caused by selective ordering of 
reports, Harris and Haber showed that sets 
induced by attention instructions produced 
differential accuracy of report even when the 
order of report was fully controlled by E. 
All of their results were interpreted in terms 
of memory processes, particularly the rapid 
decay of some short-term immediate memory, 
and in terms of different coding strategies used 
by Ss—codes that probably differed in the 
speed with which the stimulus could be en- 
coded, and in the resistance to interference 
during the subsequent report of the stimulus. 

Method.—The following experiment repre- 
Sents a complete replication of Harris and 
Haber’s study. The same Population, stimuli, 


à T en, who helped 
with the analysis, and to Charles S. Harris, for lis 
assistance in reading the manuscript. 


The form of Ss’ verbal encodings of 


isse nd to account for the effects of atten- 
tion instructions on accuracy of their reports. 


Attention instru ns 


Ss who encoded the stimulus in the order dictated 
The Ss who encoded first the stimulus attribute 
nd to, reported this attribute more accurately. 


presentation procedures, training procedures; 
and response instruments and analysis pro^ 
cedures were used. : 

Each of the 80 stimuli consisted of a pair of 
Wisconsin Sorting Cards. They were flashe 
for 1/10 sec., after which S had from 15 to 20 
sec. to record what he had seen, The cards 
differed in the number of figures portrayec» 
their shapes, and their colors. Each of these 
three dimensions had four values. Before ua 
experimental session began, each S Wa 
trained to use one of the two basic. coan 
strategies to remember the stimuli b as 
reporting them: Objects code, which descri js 
the stimulus as two sets of objects (e.g., bus 
red circles, four blue stars"), or Dimension 
code, which describes the three dimensions o 
the stimulus (e.g. “red, blue; two, four: 
star, circle"). d 

Before each stimulus was flashed, S tee 
instructions about what to attend to. Z” 
phasis instructions told S to pay ae 
attention to one of the three dimensions of Pus 
stimulus (emphasized dimension) though á 
still had to report the other two dimension? 
(unemphasized dimensions). Equal instruc 
tions told S to pay equal attention to all three 
dimensions. 


P 


i9 


SUPPLEMENTARY REPORTS 


Order of report was not known to S until 
after each stimulus was presented. On half 
of the trials, the order in which the three 
dimensions were to be reported was specified 
by E after the flash (forced order). On the 
remainder of the trials, S could report them 
in any order he pleased, though he had to 
indicate the order he used (free order). 

Results, —Of the 49 Ss tested, 41 followed a 
Consistent verbal-encoding strategy through- 
Out the experiment, as classified by the post- 
Xperiment questionnaire. The same four 
codes were found here as in the original ex- 
Periment: an Objects code, a Dimensions code, 
a Modified-Objects code, where the at- 
tended-to attribute is emphasized in an other- 
Wise Objects code; and an Incomplete- Dimen- 
Sions code, where not all attributes are 
encoded, Seven Ss used a strategy opposite 
to that for which they were trained, and they, 
along with the 8 Ss who did not use a single 
Strategy consistently were dropped from 
further analyses. The remaining 34 Ss were 

ose who developed a consistent code similar 
© the one for which they were trained. 

large main effect of coding strategy eal 
Sund in the replication as in the onima 
Xperiment (p <.01). Unlike the origina 
"dy, all four groups are significantly differ- 
ent from each other. (Each of the six possible 
ests Were significant at at least the .01 level.) 

“refore, this experiment succeeded in pro- 
cing a difference in the two basic codes, 
dien used in their unmodified form, as well as 
ferences in their modified versions. " 
M main effect of set instructions — 
( he same direction as in the previous d u à 

S .001) ; emphasized instructions produce 
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structions, equal emphasis instructions be- 
tween these. The higher error rate for 
unemphasized dimensions occurs on the first 
report under forced order of report (P < .01), 
so it cannot be due to some decay of memory 
over time, and it cannot be due to .S's chosing 
to report first the dimensions he was most 
certain about. Therefore, one of the major 
findings of the first experiment is supported, 
Also, as in the previous study, coding strategy 
interacts with emphasis instructions (p < .05), 
so that the two Objects groups show smaller 
effects of set than do the two Dimensions 
groups. However, in the earlier study, Ob- 
jects coders reported unemphasized dimen- 
tions about as accurately as emphasized (with 
both free and forced order of report). In this 
replication, on the other hand, the Objects 
coders reported emphasized dimensions more 
accurately than unemphasized with forced 
order of report (p < .05) (though not with 
free order of report), Any hypothesis about 
what produces a set effect, whether it be due 
to perception, coding, interference, or decod- 
ing processes, would predict that the set effect 
would be greater under free order of report. 
Thus, especially in the light of the earlier 
findings, the Objects coders’ set effects under 
free order of report are suspect. 

Table 2 presents the order of report effects. 
A main effect is again shown (b < .001), in- 
dicating that items reported early are more 
likely to be correct than items reported later. 
This effect is greater on free than on forced 
order of report (p < .01), presumable because 
the Dimensions coders deliberately report the 
unemphasized dimensions last when free to 
do so. (With free order of report, both 


x : i ions groups reported the emphasized 
Steate, accuracy than unemphasized in- Dimensions groups rep pus 
TABLE 1 
MEAN PERCENTAGE OF ERROR 
I EESE E = — 
Free Order of Report Forced Order of Report 
" Empl d|U hasized| — Equal d 
" " J asized Equal Emphasize nemphasized , Equal 
Fonnhgsised posce Dimensions | Dimensions | Dimensions | Dimensions 
mens! Ms 
Obje, 
( P Edera "T 12.9 8.1 6.6 12.0 9.5 10.2 
ime, 
(Curl coders -— 19.5 14.5 9.5 20.2 14.5 144 
Modifi 
im pbiects iz 16.6 12.3 8A 15.6 119 12.8 
Incomplete pine. 
Sions coders 
= 4) 15.6 33.1 24.0 11.5 27.6 21.9 22.3 
Total (N = 34) 114 18.6 13.3 8.7 1737 13.2 13.8 


Note.— Positions of stimulus (left and right) are not shown to conserve space, 


yg 


. K. Estes 
S Blanford University 
| Associate Editor 


Consulting Editors 


Joux F, Have 


- Manroaner Kurnxe Harrow Widely Spaced Delayed-Response Trials 


- Dovsess H, LAWRENCE 


FRANK À. LOGAN 


Morrmen MISHKIN | 


i Bi-monthly $20.00 a year 


($20.50 foreign) 


-r $4.00 a copy 


| OURNAL OF 


) OMPARATIVE & 


CONTENTS 


EnorSTEULAR —— 
Ünserrzity of Pennagnania 


Gorpon H. Bows 
Bian Jord Unteaeity oo 


"Josmem V. Brany | Werskrantz, Lawn NCE, AND Cowey, ALAN. Striate Cortex 
© Wetter Reed Army Inatituteof Research. 
© Bynon A. CaxpBELL. — 


Lesions and V 


al Acuity of the Rhesus Monkey....--+- 
Vice AE | Gross, Cmar 
University of Pennsylodnja © < Frontal Lesio! 
FRANK A, GeLnann Fas 
| Princeton University 4 A 


G. Locomotor Activity Following Lateral 
in Rhesus Monkeys. sas sissy tregi togata s 


Witson, WiLLIAM A., Ji, Oscar, MARLENE, AND GLEITMAN, 
Pennsuleania State Univertity ` Hexry, The Effect of Frontal Lesions in Monkeys upon 


Witonia Reasouet Primate Riaenreh 
‘ender , * d 
SEU SET WannEN, J. M., G ANT, Rọ, Hara, K., AND Leary, R. W. 


Fels Rerarch Inelitute ; Impaired Learning by Monkeys with Unilateral Lesions in 
Association Cortex 


AStanjord University 


DaANiEL S, LERRMAN i ; ; 
Rutgers Daiversity, j| Stamm, J. S 


4 AND K; 
Tasks by Monkey: 
poral Cortex 


uT, MARCIA. Learning of Visual 
with Epileptogenic Implants in Tem- 


Yale University 


National Institute of Mental Health "- 3. wm 
" ^ Tuomrsox, RonEmT. Thalamic Structures Critical for Reten- 


1 
f i tion of an Avoidance Conditioned Response in Rats, ....- z 


(continued on inside back cover) 


NB-LUKAS TEURER 
wochuaelts Institute 0f Technology. 


$ 
oes 
ue Venere ek ete | Order from: 
niversity of Penninglvanta © 
AMERICAN PSYCHOLOGICAL ASSOCIATION 


n AERE Univefsity : 1333 Sixteenth Strect, N.W. 
Meque d Washington, D.C. 20036 


p 


.Variables which produces a 


journal of 


Experimental Psychology 


Vor. 67, No. 5 


May 1964 


DEVELOPMENT AND ATTENUATION 
OF DELAY-ENGENDERED 
AVOIDANCE BEHAVIOR 
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AND JAMES H. McHOSE 
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24 male rats received 108 food-rewarded trials under different delay-of- 
reinforcement conditions in an L-shaped double alley having a delay 


chamber at the juncture of the 
speeds appro 
followed by a recove 
phase, starting speco 
magnitude. These resu 
can be attribu 
potential, 
addition, it appear 
conditions, diminis 


'The effects of a temporal delay of 
reinforcement have been „variously 
interpreted. While certain Eu 
Views (Hull, 1943; Logan, 19 2) 
Postulated lesser excitatory potentia 
E) as a consequence of delay, Mise 
Tecent conceptions hold that ds ay 
has an inhibitory function ana ogous 
to extinction, and thus affects be- 
havior through a factor which su : 
tracts from E. A variant of this view 


: f the 
Consider: m be me fi 
ders delay n emotional 


Consequent 
ponses ap- 
1, because 
mediated 


Teaction of frustration. 
decremental effects on res 
Proaching a delay occur, thet 
of competing reactions 
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2 alleys. 
yaching the delay exhibited a slow but Pronounced decline 
ry of strength late in training, 
ls following the delay si; 
Its suggested that not all of the effects of delay 
ited simply to à limiting of the growth of reaction 
but that at least 1 effect is inhibitory or subtractive. In 
ed that such an inhibitory effect may, under certain 
h with extensive training. 


Following an initial increase, 


g- During this latter 
gnificantly decreased in 


by anticipatory frustration (Spence, 
1960). 

One implication of the Amsel (1958) 
and Spence (1960) formulations of 
frustration theory is that any effects 
of delay which are frustration en- 
gendered should be minimal or absent 
early in training. "This follows from 
the assumption that the occurrence of 
frustration, and consequently antici- 
patory frustration, rs, is contingent 
upon the presence, in some strength, 
of anticipatory reward, r, which 
itself must be acquired in the initial 
phase of training. 

The evidence concerning delay and 
frustration theory is inconclusive. 
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For example, the studies of Holder, 
Marx, Holder, and Collier (1957) and 
Wist (1962) provide data consonant 
with the assumption of an inhibitory 
or suppressive effect on response 
strength approaching a delay. How- 
ever, since these investigations em- 
ployed an initial series of nondelayed 
or minimally delayed acquisition 
trials, the dependence of the inhibition 
upon prior development of 7, cannot 
be determined. The data of Logan 
(1960) tend to suggest a dependence 
on 7g, but a number of earlier studies 
(Perin, 1943; Ramond, 1954) require 
no such assumption, principally be- 


cause of a very early onset of delay 
effects. 


The present Study was concerned 
with bringing more data to bear upon 
these theoretical problems. What 
appeared to be needed was an experi- 
mental setup in which frustration 
effects, if present, would be likely to 
occur in some strength, and in which 
delays are imposed from the outset of 

-training. In addition to establishing 

these conditions, this experiment 
served as a preliminary investigation 
into related problems concerned with 
variable delay and specific behavior 
occurring during a delay. However, 
discussion will be limited primarily to 
the changes in response strength which 
occurred over trials in all Ss. 


METHOD 


Subjects. —Twenty-four experimentally na- 
ive male rats of the Sprague-Dawley strain, 
90-100 days of age at the beginning of the 
experiment, served as Ss, 

Apparatus.—The .Ss 
shaped double runway, 
box (SB), 


were run in an L- 
consisting of a start 
a straight alley (Aj), a delay box 
(DB), a second alley (A3), and a goal box 
(GB). The first alley was 33 ft. long, A; was 
10 ft. long, and the SB, DB, and GB were 
each 12 in. in length. The maze was 3 in. 
wide and 52 in. high throughout. The walls 
and floor of all sections were white. Fourteen 
inches above the roof, which consisted of 3-in. 
hardware cloth, there was a translucent plastic 
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sky which served to diffuse the light from 6-w. 
120-v. lamps situated 13 in. above the sky and 
spaced at a distance of 13 in. A small wooden 
block with indentations for food pellets 
served as a food cup in the GB. a 

Guillotine start and retrace doors separate! 
the five sections of the apparatus. Starting 
speeds in A; and As were calculated on the 
basis of the time lapsed between the opening 
of the SB or DB start door and S's tripping i» 
microswitch which was operated by a very 
slight depression of a trap door located 12 in. 
from the start door. The time taken by "d 
traversing the next 18 in. of Ai or 96 in. s s 
before tripping another microswitch provide! 
the basis for the running-speed meashras 
All speed measures, expressed in ft/sec, W vs 
the means of Ss’ median speeds over a ier 
of trials. A retracing in Ai was recorded 
when S, within 12 in. of the DB and having 
tripped the last microswitch in the ale 
turned and moved in the direction of the : 

Procedure.—Sixteen days prior to the du 
training day, Ss were placed on a 23-hr. feet i 
ing schedule which was maintained throug s 
out the experiment. Water was available a 
all times except during a trial in the runw ay 
On Days 11-13 of the preliminary period, i 
were removed from their home cages and hel 
by E for 2 min. in order to accustom them to 
being handled. 

To habituate Ss to the maze, they were 
allowed 5 min. of exploration in each alley 0" 
each of Days 14-16. 

Training began on Day 17. On the first 2 
days 2 trials were given. Thereafter, 5$ 
received 3 trials per day until a total o 
108 trials had been administered. Within a 
day the intertrial interval was approximate? 
20 min. A trial began with the placement 
S into the SB facing the rear of the box. ‘ae 
first start door was opened after S had pe 
tained an orientation toward it for 3 y 
Immediately after S entered the DB E 
guillotine retrace door separating A: and lay 
DB was closed. Following a prescribed de c 
interval, the second start door was ope” 
and S was allowed to traverse Az. WE 
entered the GB the second retrace door W^ 
lowered, and S was returned to its cage s 
mediately after it had eaten two .045-8™- 
Noyes pellets. 

Three groups received different d 
treatments in the DB. Group 10 was Si 
confined for 10 sec. Group V had a variab as 
delay interval. On half the trials it If it 
delayed for 10 sec. while on the other half 
was held 1 sec. according to the following 
schedule: 1, 10, 1; 10, 1, 10; 1, 1, 10; 10, 10, 4a 
1, 10, 10; 10, 1, 1, which was then repeated- 
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Group 1 always had a 1-sec. delay until Trial 
72, after which it was shifted to the variable 
1- and 10-sec. schedule of Group V. 


RESULTS 


Alley 1: Response strength approach- 
ing the delay.—Mean starting and 
running speeds for Ai are shown in 
Fig. 1 and 2, respectively. Clear in- 
dication of nonmonotonicity of trends 
appeared in all groups. Following an 
initial increase in speed there was a 
protracted period of training in which 
Speeds slowly declined and then 
tended to recover late in training. — 

A summary of the analysis of vari- 
ance of all nine blocks of trials is 
presented in Table 1. The trials 
effect, as would be expected, was sig- 
nificant. In order to assess, roughly, 
the curvature of the overall trend, the 
linear, quadratic, and cubic fcom- 
ponents of the trials factor were ex- 
tracted. The cubic components of 


A, STARTING SPEED 


both starting- and  running-speed 
measures were significant well beyond 
the .001 level. For the starting-speed 
measure the quadratic component was 
also significant at the .05 level and for 
the running-speed measure, there was 
a negative linear trend significant be- 
yond the .001 level. The cubic trends 
alone accounted for 67 and 50% of the 
total variance attributable to trials in 
the starting- and running-speed meas- 
ures, respectively. Together, the two 
components which were significant in 
each case accounted for 85 and 86% 
of the trials variance.! These results 
indicate that following an initial in- 
crease in speed there was a significant 


! It should be noted parenthetically that, 
at least in the case of the starting-speed 
measure, there was a significant deviation 
from the least-squares, best-fitting power 
series having linear, quadratic, and cubic com- 
ponents, which indicates that this type of 


function does not provide the best possible fit 
to the data. 


BLOCKS OF I2 TRIALS 


Fig. 1. Mean starting speeds it 
is divided into six- 


1 Alley 1 for Groups 1, 10, and V. (The first block of trials 
trial points to show initial response strengths.) 
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3.0 


e. a 
2.5 PAS 


o a 


A, RUNNING SPEED (FT./SEC) 


BLOCKS OF I2? TRIALS 


Fic. 2. Mean running speeds in Alley 1 for Groups 1, 10, and V. 


H " p re 
decrement and then possibly a second three blocks of trials, 7-9, = 
increase in response strength. To analyzed separately. The trials — 
evaluate further the changes occurring ponent of the running-speed measu 


toward the end of training the last was significant, F (2, 42) = 3.78, 
TABLE 1 
ANALYSIS OF VARIANCE OF Ay STARTING AND RUNNING SPEEDS mum 
Starting Speed Running Speed 
Source df = =< - 
MS F MS F 
Between Ss 23 45 
Groups (G) 2 .3802 1.77 7.603 2. 
Ss within Gs 21 .2153 3.100 
Within Ss 192 66*** 
Trial blocks (T) 8 .1879 9,50*** 3.162 8. 2* 
Linear 1 .0000 <1 9.045 15.1 
Quadratic 1 2715 7.85* 345 «1 get 
Cubic 1 1.0016 38.94*** 12.618 8827 
Residual 5 .0459 4.32* .658 2.2 
TXG 16 10224 1.13 1573 1.57 
T X Ss within Gs} 168 -0198 365 
Linear 21 .0448 .598 
Quadratic 21 .0346 .556 
Cubic 21 .0257 .330 
Residual 105 -0106 .287 
"Total 215 
lis | o — 
*p <.05. 


“wp < 001. 


hp 
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TABLE 2 
FREQUENCY OF RETRACING IN Aj 


Blocks of 12 Trials 


Group Group Totals 
1 2 3 | 4 | 5 | 6 | 7 8 9 

1 7 | £ | 9 Lj &l ei] i] i 18 

10 0 0 4 15 14 16 10 8 2 69 

V 1 3 3 14 13 | 6 3 2 0 45 

| 

Block totals | 2 4 7 30 | 30 | 28 | 17 | 11 3 132 

lU — — 4 = a re 


P < .05. It did not reach conven- retracing correlated quite closely with 
tional levels of significance in the both the decline and recovery of the 
starting speeds, F (2, 42) = 2.14, speed measures. It should be noted 
p > 05, in which the recovery lor that not all Ss retraced. In fact, of 
Groups 1 and 10 was not so pro- the total 132 retracings, 107 were con- 
nounced and appeared not to begin tributed by only seven Ss. Neverthe- 
until Block 8. . less, such retracings as did occur were 
Table 2 presents the frequencies of mainly in the middle trials of the 
retracings which were initiated from a study. . 
point within 12 in. of the delay As indicated in Table 1, the differ- 
Chamber. Since these retracings be- ences among the three groups did not 
gan after Ss had traversed the seg- attain statistical significance nor were 
ment of A; from which running speed there reliable differences among the 
Was recorded, they constitute data trends as indicated by the nonsignifi- 
independent from the speed measures. cant Groups X Trials interaction ef- 
As may be seen, the frequency of fects. Although Group 1 remained 


5 
o 
4 aN, 
ZEN A 
D A N co 
Ww .3 N Vo 
= S â 
© e fo) 
z Se 
tc æ “Ne 
x | SHIFTED: 
2 A———A | 
EU a A———A 10 


i 2 3 4 5 6 7 8 9 
BLOCKS OF I? TRIALS 


Fic. 3. Mean starting speeds in Alley 2. i (Speeds following the 1- and 10-sec. delays 
Within a block ee en Erari for Group V, and for Group 1 after its shift to the variable 
condition.) 
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consistently above Group 10 at all 
points in training, a number of sub- 
sequent analyses still failed to reveal 
significant differences. 

Alley 2: Response strength following 
the delay.—With two exceptions, noted 
below, the running speeds were very 
similar to the starting speeds, and 
therefore, only the latter are presented 
in Fig. 3. 

The most noteworthy feature of the 
A4 starting speeds is the overall de- 
crease in response vigor late in train- 
ing. This is of particular interest 
since it occurred in a period of training 
during which A; speeds were increas- 
ing. Analysis of the data for Trial 
Blocks 7-9 revealed a significant 
trial-block effect, F (2,42) = 14.06, 
p «.001. The decrement in the A, 
running speeds was not significant, 
F (2,42) = 1.79, p > .10, indicating 
that this effect was more reliable in 
that part of the response chain closest 
to the delay box. 

The considerable intertwining of 
the curves in Fig. 3 suggests that there 
were no significant differences among 
the experimental conditions. Several 
analyses of variance supported this 
conclusion. This statement also holds 
for the running-speed data, with the 
exception that Ss in Group 1 ran 
significantly faster after 1- than after 
10-sec. delays in the postshift phase, 
F (1,7) = 6.72, p < .05. Except for 
this single significant effect, which 
agrees with the data of Wist (1962) 
but contradicts that of Holder et 
al. (1957), this study provides no 
evidence that postdelay response 
Strength is a function of different 
amounts of delay beyond a zero value. 


DISCUSSION 


The principal implications of the 
present experiment stem from gross 
changes in response strength over trials. 
The pronounced decline in A, speeds fol- 
lowing an increase in the first 25-36 
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trials, together with the sharp rise in the 
incidence of retracing, clearly supports 
the conclusion that at least one. of the 
effects of a temporal delay of reinforce- 
ment is an inhibitory or subtractive effect 
on reaction potential. These results 
supplement those of Logan (1960) who 
found, under somewhat different experi- 
mental conditions, that beginning aroun 
Trials 15-30, speeds for some. delay 
groups began to decrease, albeit € 
dramatically than in the present study. 
In addition, he reports that the pres 
mental effect appears to move b arco 
through the alley with training. E 
present data also substantiate this pr 
ing as may be seen by comparing F18. 
1 and 2. , 

If it is assumed that delay produces E 
hypothetical emotional response of frus 
tration, then the results can be eplan 
by the theoretical assumptions of w- E 
(1958) and Spence (1960). Within kw 
theory anticipatory frustration, 7/ ry 
fractional conditioned form of pame 
frustration, becomes elicited by pi 
cues antedating the aversive delay. a 
decremental effects on speed, then, a i: 
attributable to competing or ru 
responses mediationally aroused by t 
characteristic cues, sy, associated with i: 
Furthermore, these decremental effec S 
do not occur earlier in training pecati 
there is no frustration arouse e 
anticipatory reward, ro, has had pic 
tunity to reach some minimal strengt " 

A second, particularly interes 
finding of the present study is the 
covery of A; speeds late in training 
the correlated decrease in Az pi the 
speeds. Similar to the onset O eeds 
decremental effect, recovery of Ai SP 
may begin at different points in tr 
depending on the segment of the res: ES 
chain measured. Figures 1 and 2 suse 3 
that the recovery first appears tind 
running speeds and then in the sta 
speeds. 32 

Perhaps the most obvious interpre 
tion of this second set of results 1 ipa 
both primary frustration and pe in 
tory frustration were attenuated a 
training. Speeds in A, recovered bec nt? 
7; which mediated the decreme 


an 
ting 


pons? 
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effect, disappeared, and speeds in As 
decreased because the increment to drive 
from primary frustration was removed. 

Why should the delay chamber lose 
its aversive properties with the result 
that both avoidance of it and escape from 
it are diminished? A probable explana- 
tion is that r,, which originally general- 
izes from the goal box, eventually under- 
goes extinction in Ay. Within frustration 
theory if r, disappears so should rs. In 
effect, Ss may learn via the differential 
extinction of rg, to discriminate A, lead- 
ing to a delay from Az which leads to a 
reinforcement. This assumption is made 
Plausible by recent studies (Ward, cited 
by Amsel, 1962; McHose, 1963) employ- 
ing double-runway apparatus, which 
indicate that the facilitative effects of 
frustrative nonreward dissipate when 
anticipation of reward extinguishes. 

The hypothesis presented here ig Be 
applied to certain groups from imi e- 
alley studies (McHose, 1963 ] W mii 
1959) which show results quite un re 
those obtained in the present ES 
despite similar delay procedures. le 
Pertinent data from these studies may be 
Summarized by stating that there was no 
Pronounced decrement and recovery in 

1 Speeds, nor was there a decrement E 

1 Speeds late in training. Agending. re] 
the hypothesis of this paper the ue 
Crepancy in results is attributable to T 
fact that A, and Ag were highly — 
the Wagner and McHose studies u 
quite similar in the present study. T hus 
9nly in the latter case would 7, be - 
Pected to generalize sibstantially, t 1 
and thereby produce the observed frus- 
rative effects. . " 

The problem of the mechanism under- 
lying effects of different amounts of delay 
*yond a zero value remains. The pres- 
ent study clearly supports the notion that 
;Ustration is, at least at times, a factor 
in delay of reward, but it is not clear 
Whether the degree of frustration is a 
unction of the length of delay. Neither 
es it seem possible that frustration- 
Mediated avoidance can account for all 

€ decremental effects of delay in view 

the early onset of such effects 1n a 
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number of studies. Although presum- 
ably not mediated by ry, such early 
effects might still result, in the manner 
suggested by Spence (1956), from inter- 
fering responses which have occurred 
during the delay and become conditioned 
to essentially the same stimulus com- 
ponents which elicit the instrumental 
response. In any case, it seems likely 
that delay can no longer be considered 
a unitary factor in behavior, but that 
Several processes—some of which may 
change with learning—will have to be 
postulated. 
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TEMPORAL DURATION: RATIO SCALE 
AND CATEGORY SCALE! 


RAM G. CHATTERJEA? 


Brown University 


3 groups of Ss judged 2-, 4-, 8-, 16-, and 32-sec. durations of time presented 
through flash of light by fractionation, multiplication, and category 
methods. The stimuli were controlled by a Hunter timer and the ratio 
production judgments recorded by a Standard Electric O1-sec. clock. 
Apparent duration appeared to grow as the 1.02 power of stimulus 


magnitude while the category scale was nonlinear. 


Discrepancies in 


half and double judgments were found which were ascribed to the 
underestimating bias throughout the stimulus range. 


Scaling of a psychological magni- 
tude for time has been attempted by 
the method of ratio production (Ek- 
man & Frankenhaeuser, 1957 ; Gregg, 
1951; Mallick, 1962; Ross & Katch- 
mar, 1951). The first three studies 
used auditory stimuli to mark the 
intervals while Mallick (1962) used a 
visualone. Although intervals ranged 
Írom 400 msec. to 60.13 sec., there is 
agreement in the results that subjec- 
tive time is a power function of 
physical time with an exponent close 
to 1.00. In contrast to linearity of a 
ratio scale, one would expect a 
curvilinear function from a category 
scale (Stevens & Galanter, 1957). 

The purpose of the present study 
was to determine the stability of the 
ratio scale by comparing the results 
of halving and doubling and to see 
how this scale was related to one 
determined by category judgments. 


METHOD 


Subjects—The Ss were 40 graduate 
students at Brown University. Nine men and 
5 women with a mean age of 22.8 yr. (range 
17-28 yr.) served in the fractionation experi- 
ment. The multiplication-estimation ex- 
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periment employed 9 men and 6 wome 
ing the 
the previous onc. 3 
there were 7 men and 4 women with 
age of 26.2 yr. (range 19-45 yr.). | to 
Procedure.—A Hunter timer was, mec 
control the stimulus durations which lace 
indicated by flashes with a 2.5-w. bulb pla ] 
in front of S. The durations consisted 4 by 
4, 8, 16, and 32 sec. The Ss responde ere 
pressing a key and their judgments wert 


$ d -sec 

recorded by a Standard Electric 01 

clock. n 
fess: 2 R c. rain 
lhe instructions called upon Ss to ref 


from keeping track of the duration ae 


if that 


the category judgment was as follows: 


aie 
I will present to you one of several Lan? 
tions by lighting the bulb. I want Yo ijon 
assign a number, 1, to the smallest dura yor 
through 5 for the longest one. Be D dtt 
actually see the flashes in my experim t 
series, 1 will show you one, as this AA 

is slightly shorter than the shortest " ngef 
series and another which is slightly ries" 
than the longest in my experimental sS 


ir 
ğ i íg an ! 
The durations were presented in ls 
regular order to cach S and each $ 
duration was presented three times. 
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Fic. 1. Ratio and category judgments plotted in linear coordinates. (Closed circles: 


Median judgments of 14 Ss; open circles: median judgments of 15 Ss; dotted line: median 
category judgments made by 11 Ss on a 5-point scale from 1 to 5.) 


taken for final analysis. A plot of the psychological scale termed chron was 
half and double judgments as well as obtained following the precedure out- 


the category values was made (Fig. 1). lined by Harper and Stevens (1948). 
From the half-judgment curve the One chron is thus the subjective time 
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corresponding to physical time of 10 
sec. Using the same method as that 
of Ross and Katchmar (1951), we 
assigned D to a given magnitude and 
D/2 to the one judged half and con- 
structed the chron scale from the half- 
judgment curve of Fig. 1. Since a 
physical time of 4.8 sec. was judged 
half as long as that of 10 sec., we 
assigned .5 (subjective time) to 4.8 
Sec. and 1 (subjective time) to the 
physical time of 10 sec. We could 
have similarly found physical times 
corresponding to psychological times 
of 2, 4 chrons, etc. Figure 2 shows the 
physical times in seconds correspond- 
ing to subjective times in chrons. 

Using a similar procedure, we were 
able to construct another scale from 
the double-judgment curve of Fig. 1. 
Since a physical time of 15.4 sec, was 
found to be judged to be twice as long 
as that of 10 sec., we assigned 2 (sub- 
jective time) to the value of 15.4 sec, 
and 1 (subjective time) to the physical 
time of 10 sec. This scale is also 
shown in Fig. 2. 


E 


@ 
o 


60 


40 


20 


PROPORTION OF UNDERESTIMATION 


PHYSICAL TIME 


The fact that the nature of the data 
falls close to a straight line on a log- 
log plot indicates that apparent fius. 
tion in this case is a power function o 
stimulus duration. The vagin 
solution for the half- and wo 
judgment data of Fig. 1 yields ne 
following exponents: C — 19D" tee 
i judgment and C = .87D: Es 
double judgment, where c is su i 3 
tive time in chrons and D is stimulu 
duration in seconds (Lewis, 1960). A 

The discrepancy in the two a 
ponents is due to the underestimabins 
bias irrespective of stimulus mag ; 
tude which will be evident from € 
The proportions of pr riae * 
are clear in all the cases, although R 
double judgments they are conspic A 
ously great. The category pend 
nonlinear to the ratio scale in this € 
too. When plotted against the md 
judgments (Fig. 4), the trend is, wi 
ever, the same as is found in EE 
prothetic continua (Stevens, 190%: 
Stevens & Galanter, 1957). 
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Fic. 3. Proportions of underestimations in half, double, and category judgments 
shown in closed circles, open circles, and cross lines. 
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DISCUSSION 


In conformity with other Passed 

Continua, the fractionation data E q 
study reveal that the psychophysical 
relation for duration is a power LM 
With an exponent of 1.02. The typo 
in case of doubling data turns out E i e 
78. It appears that effects other [es 
Operant behavior on the part of 5s mig if 
have influenced doubling judgments. 
We assume that halving and doubling are 
Subject to a bias that pnm an 
Opposite direction (Stevens, 2 5, Pe 
821), we would expect a counterba xe g 
in the two judgments. On thie aa ogy 
then, judging half of 32 sec. wou Ere 
Teverse of judging double of 16 sec. | i 
the results do not agree with this view. 
And why? 

One possible explanation seems to be 
that Ss find it somewhat boring to wait 
and therefore terminate their judgments 
°0 soon, This is especially true for 
Stimulus durations of longer magnitudes 
Covered in this study. In other words 

ere is a consistent bias for underestima- 


(Closed circles show half 
double judgments.) 


tion in case of doubling judgments as is 
apparent from Fig. 3. The proportion of 
underestimation is well above 80% in 
three of the five stimulus magnitudes, 
while halving judgments show much less 
at these places. However there are also 
effects due to spacing of the stimuli— 
effects which need further study before 
we could attempt any generalization. 
The category scale is clearly nonlinear 
which is in line with other studies, 
Though the stimuli were not approxi- 
mately equally spaced in this study the 
curve is concave downward (cf. Stevens 
& Galanter, 1957, pp. 380-381). When 
plotted against half and double judg- 
ments the category scale turns out to be 
concave downward (Fig. 4). This is also 
in line with studies reported for other 
perceptual continua (Stevens, 1958). 
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MEAN AMOUNT OF REINFORCEMENT AND 
INSTRUMENTAL RESPONSE STRENGTH ! 


/ART H. HULSE axb ROBERT J. FIRESTONE 
Johns Hopkins University 


Licking was treated as a free operant using a mean amount of x pen 
ment per lick of .0010 ml. of a saccharine solution. The mse Rein 
amount of reinforcement was determined by combining appropriate 
absolute volumes of reinforcement with 3 fixed ratios of reinforcement: 
continuous reinforcement (CRF), 2 to 1 fixed ratio (FR 2), and 8 tol 
fixed ratio (FR 8). 3 training methods varied the way in which Ss 
were shaped toward their final common mean amount of reinforcement. 
Acquisition rates of licking were essentially identical for all groups, 
while the number of licks emitted during extinction increased as ratio 
of reinforcement increased. The results imply that acquisition response 
rates are constant for & given mean amount of reinforcement, while 
resistance to extinction is positively correlated with the variability of 
absolute amounts that S obtains from response to response during 


acquisition. 


Hulse, Snyder, and Bacon (1950) 
Suggested that the mean amount o 
reinforcement that an S receives per 
response during instrumental con i- 
tioning is an important parameter 
of reinforcement in learning situa- 
tions involving partial reinforcement. 
They noted that an S that is on " 5 
to 1 fixed ratio (FR 5) receives a mean 
amount of reinforcement per response 
that is one-fifth that obtained by an 
S on continuous reinforcement (CRF) 
When the absolute physical amount 
Of the reinforcing stimulus—when it 
is delivered—is the same for boi > 
n an experiment which com es 
two absolute volumes of a fluid Sad 
forcing stimulus with CRF and F P 
their data were most meaningful y 
described by mean volume of rein- 
Orcement. As mean volumes m 
Creased, the rate of an instrumentally 
Conditioned licking response increased, 
ut the number of licks that was 
emitted during extinction decreased. 


! This paper, which is based on the —— 
essay of the second author, WRRRUBDdE S ind 
tant G18125 from the National Scie 
"oundation to the first author. 


The present experiment was designed 
to explore further the utility of the 
concept of mean amount of reinforce- 
ment in instrumental conditioning. 
There are three ways in which mean 
amount of reinforcement may be 
varied in conditioning with partial 
reinforcement. First, ratio of rein- 
forcement can be held constant while 
the absolute amount of the reinforcing 
Stimulus is varied. Second, absolute 
amounts of the reinforcing stimulus 
can be held constant while ratio of 
reinforcement is varied. Third, mean 
amount of reinforcement can be set as 
an independent variable and different 
mean amounts obtained by simultane- 
ously varying both ratio of reinforce- 
ment and absolute amount of rein- 
forcement. In the first two instances, 
which are characteristic of all experi- 
ments that we know of which have 
studied amount and ratio of reinforce- 
ment, mean amount of reinforcement 
is perfectly confounded with amount 
of reinforcement or with ratio of 
reinforcement. In the typical partial 
reinforcement experiment, for ex- 
ample, the amount of the reinforcing 
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stimulus is fixed while ratios of rein- 
forcement are varied. As ratio of 
reinforcement increases, the mean 
amount of reinforcement obtained 
with each response necessarily de- 
creases. In the third instance, where 
mean amount of reinforcement js 
chosen as the independent variable, a 
Particular mean amount and a par- 
ticular ratio of reinforcement can be 
set freely, but the absolute amount of 
reinforcement that must be used 
is then determined. For example, 
choose 10 units of reinforcement as a 
mean amount of reinforcement per re- 
sponse, and FR 2 and FR 5 as ratios 
of reinforcement. For the FR 2 condi- 
tion, S would actually receive 20 units 
of reinforcement each time the rein- 
forcing stimulus was delivered. For 
FR 5, the appropriate value would 
be 50 units of reinforcement. Con- 
versely, of course, a mean amount and 
an absolute amount could be set, in 
which case a particular ratio of rein- 
forcement would be determined. 

How do organisms respond to mean 
amounts of reinforcement as defined 
above? If mean amount of reinforce- 
ment is an important parameter of 
the strength of a response, it is pos- 
sible that equal mean amounts of 
reinforcement would produce equal 
response strengths. This would follow 
from the classic notion in learning 
theory that the strength of a response 
is correlated with the amount of rein- 
forcement that is used to reward the 
response, and it would also follow 
from the Hulse et al. (1960) data cited 
above. The research reported here 
was designed with this point of view 
in mind. 

The experiment incorporated the in- 
strumentally conditioned tongue lick 
in a free responding situation. Mean 
amount of reinforcement was set at 
-0010 ml. of a saccharine solution, and 
three fixed ratios of reinforcement 
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were used: CRF, FR 2, and FR8. In 
order to satisfy the mean amount 
criterion, the absolute volumes of 
fluid per reinforcement for the three 
ratios of reinforcement varied from 
.0010 ml. to .0080 ml. Three training 
procedures were used which varied PE 
extent to which mean volume © 
reinforcement was confounded with 
ratio of reinforcement as Ss in the 
partial groups were shaped towar 
their final schedules of reinforcement. 


METHOD 
Subjects and Apparatus 


The Ss were 49 experimentally = 
albino rats of the Sprague-Dawley ae 1 
tained from Sprague-Dawley, Incorpor Se 
Madison, Wisconsin. The Ss were app eri- 
mately 80 days of age at the time the C CO 
ment began, and none had had RD the 
drinking from tubes prior to their use 1 
experiment. x ail 

The apparatus has been described wi ) 
elsewhere (Hulse, 1960; Hulse et al., und- 
Briefly, it consisted of a lighted, pen 
shielded wooden box 6.5 x 10 X 7 in, W! las, 
Plexiglas top. One wall, made of Plexig 


h the 


naive, male 


hada 1 X 2 cm. vertical slot cut into it. 
5 had access to a drinking tube throug 
slot. ised 
A liquid reinforcement system was S a 
which made obtaining a drop of fluid ux c 
drinking tube contingent on a tongue (Otis 
The system included an electronic relay am- 
& Boenning, 1959) which operated a prois 
ing circuit each time S’s tongue touc “The 
metal contact on the drinking tube- fusion 
programmer, in turn, operated an f known 
pump which delivered a drop of fluid of ugh ? 
size to the tip of the drinking tube ike S 
piece of pressure tubing. Two drinking plexi- 
were used: a brass training tube, and A holes 
glas tube. Both tubes had 2-mm. flu! T 
in their centers. The Plexiglas tabe w the 
Js-in. brass contact located jy in. Þe PE the 
fluid hole which provided a contact ever 
electronic relay. A solenoid-drive?.. the 
produced a slight negative pressure suring 
fluid system on nonreinforced licks, e fluid 
that S's tongue could not touch the 
column on nonreinforced licks. 


Procedure of 


tios 
Experimental design.—Three fixed * and 
reinforcement were used: CRF, FR ^ 
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FR 8. A terminal volume for the reinforcing 
stimulus was chosen such that at the end of 
acquisition mean volume of reinforcement per 
lick was essentially identical for all ratios of 
reinforcement (.0010 = .0001 ml.). The ter- 
minal volumes were .0010, .0020, and .0080 
ml. for CRF, FR 2, and FR 8, respectively. 
For the FR 2 and FR 8 ratios, the mean 
volume of .0010 ml. was approached according 
to one of three methods. With a constant- 
volume method (CM), Ss in the partial 
groups were placed directly on their terminal 
volumes at the beginning of acquisition. 
Acquisition began on CRF, and ratios of rein- 
forcement were increased to their final levels 
as acquisition progressed. With this method, 
Ss who were to be on FR 8 began training with 
a larger mean volume of pero pa: 
response than Ss who were to be (AND Ss 
With an adjusted-volume method (A di OR 
in the FR 2 and FR 8 groups began training 
on CRF with the same volume of the me 
forcing stimulus (.0010 ml.), but the A 5s 
of the reinforcing stimulus was increase : as Ss 
were shaped toward their final do nean 
forcement. With this method, t i stent 
volume of reinforcement per lick w ie Eu. Fa 
at .0010 ml. throughout all stages o saning, 
With an initial method (IM), an ifnal FR 2 
made to place Ss directly on their R irainin " 
and FR 8 ratios at the beginning © us "a 
With volume of the nee ect to 
at .0020 and .0080 ml. Thus, wit "ae males 
the FR 2 and the FR 8 ratios of rein tote of 
and with respect to the lagi? je. factorial 
training, the design was à simp pes in 
involving six independent Sou in ETSE ha 
seventh group was run on CRF wi ue d 
volume of reinforcement—hence ox AOI 
of reinforcement per response se d to each 
ml. Seven Ss were randomly assigne a 
of the experimental groups- i 

Deprivation and taming Upon. epi 
from the breeder, Ss were ers Purina 
Cages and maintained on ad- ‘table fromi 
laboratory chow and water ie ed 
Cans)for2 days. They were oe pit id for 
to individual cages without food on walt of 
1 day. This was followed by h dled and 
taming. Each day Ss were fer Jë wooden 
allowed to explore in groups in large 

oxes for 20-30 min. 

On Day 1 of taming, each S e n 
a daily deprivation regimen a 15 ml. óf 
Sround Purina chow mixed with I», 1 for 
tap water, This schedule was EVER 

e duration of the experiment. The Ss v a 
fed the wet mash such that they Rm the 
Proximately 23 hr. hungry at oe dia 
experimental procedure began each day. 
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Acquisition and extinction of licking.— 
Following taming, Ss received 33 days of 
acquisition of the instrumental licking re- 
sponse. Each S was permitted 400 licks per 
day, or 3 min. in the experimental box, 
whichever occurred first. A fluid consisting 
of 10 gm. saccharine added to 1 1. of tap water 
was used as the reinforcing stimulus. 

On Day 1, Ss licked the brass training 
tube which extended through the slot 3 in. 
into the experimental box. This tube was 
gradually withdrawn so that by Day 6 it was 
centered yy in. behind the slot. On Day 7, 
the brass tube was replaced with the Plexi- 
glas tube, and the latter was used for the 
remainder of the experiment. 

On Days 1 through 10, Ss in the CRF and 
in the CM and AM groups licked on a CRF 
schedule of reinforcement with the volume 
of the reinforcing stimulus set according to 
the experimental design. On Days 11 through 
17, Ss in the CM and AM groups were shaped 
toward their final schedules, while adjust- 
ments were made in the volume of the rein- 
forcing stimulus for the AM group. All Ss 
then licked on their final ratios and volumes 
for the remaining 16 days of acquisition. 

Following the last day of acquisition, 4 
days of extinction began. The procedure was 
exactly the same as during the last 16 days 
of acquisition, except that the pump system 
was mechanically disengaged so that it could 
not deliver fluid. On each extinction day, Ss 
were permitted 3 min. in the box during which 
time they could lick the dry tube. 


Measures of Performance 


During acquisition, the time that S re- 
quired to emit its 400-lick allotment was 
recorded each day. These times were con- 
verted to licking rates in licks per second. 
Licking rates were averaged over the last 3 


days of acquisition for each S for purposes 
of the statistical analyses. 


During extinction, the number of licks 
that each S emitted at the dry tube was 
recorded for each of the four extinction 
sessions. Number of licks was used for 
statistical analysis of extinction performance. 


RESULTS 


Acquisition.—Inspection of the aver- 
age rates of licking for the last 3 days 
of acquisition (Table 1) suggests no 
consistent trend in the data correlated 
with either ratio of reinforcement or 
training method. Moreover, all the 
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TABLE 1 


MEANS AND SDs ron LICKING RATES DURING 
ACQUISITION AND FOR NuMBER OF LICKS 
DURING EXTINCTION 


Acquisition Extinction 
Group 

M SD M SD 
CRF 4.05 0.58 325 110 
FR2AM] 3.97 0.31 344 152 
FR2CM,| 3.89 0.30 321 186 
FR21IM 3.90 0.43 430 309 
FR8AM | 3.88 0.40 428 394 
FR8CM | 4.02 0.40 423 200 
FR8IM 3.92 0.20 455 110 


mean rates of licking are within ap- 
proximately 0.1 lick per second of each 
other. 

Statistical analysis of the acquisi- 
tion data was carried out in three 
ways. First, an overall analysis of 
variance was done on the data for all 
seven groups combined according to 
ratio of reinforcement, Second, three 
separate analyses of variance were 
done, each of which compared the 
CRF group with the FR 2 and the 
FR 8 group run under a particular 
method of training. Third, the CRF 
condition was disregarded and an 
analysis of variance was done on the 
FR 2 and FR 8 groups conditioned 
with the three methods of training. 
The results of the first analysis re- 
vealed a nonsignificant effect (p > .05) 
for ratio of reinforcement. The re- 
sults of the second set of analyses 
revealed nonsignificant effects for 
ratio of reinforcement for each of the 
three methods of training. 
sults of the third analysis showed 
nonsignificant effects for ratio of 
reinforcement, method of training, 
and the interaction between these two 
variables. 

Extinction —The number of licks 
emitted on each extinction day by 
each S (Table 1) was subjected to the 
Same pattern of analysis that was used 


The re- 
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on the acquisition data. The analysis 
done on the seven groups combined 
according to ratio of reinforcement 
showed this variable to produce a vis 
significant effect, although the table 
shows a clear trend for resistance to 
extinction to increase as ratio of rein- 
forcement increases. Similarly, pe 
the CRF group was compared w1 h 
the FR 2 and the FR 8 group run wit ‘ 
a particular method of training, Es 
significant effects for ratio of Tie 
forcement were also obtained. ads 
analysis which examined the ie 
due to the FR 2 and the FR 8 rape 
and the three methods of manim 
showed nonsignificant effects for S 
of reinforcement and method of —— 
ing. However, this analysis E 
reveal a significant interaction jays 
tween ratio of reinforcement and ¢ 05. 
of extinction, (3,108) = 2.78, p <- ip 
A t test showed that the FR 8 om 
was more resistant to extinction Um 
the FR 2 group on Day 1 of extincti i 
t (108) = 3.83, p< .01. On eain 
Sequent days of extinction, hw 
the difference in number of pr 
emitted by these two groups was ? 
significant. 


Discussion 


There are two straightforward n 
clusions to be drawn from the dol 
First, although there is risk in acceb ion 
no-difference data as final, the pet 
results argue strongly that equal f ua 
volumes of reinforcement produce “ions 
rates of responding under the condi nean 
of the present experiment. With ading 
volume held constant, rate of respo” atio 
does not appear to change with the T ase 
of reinforced to nonreinforced pm [ 
per se, nor with the absolute Map 
the reinforcing stimulus per se.” jn 

a 

* This argument can be clinched EY in- 
experiment, currently under way, whic e 
corporates more than one mean volum 
reinforcement. For a given mean taine! 
equal rates of responding should be ob forct 
across ratios or absolute volumes of reir 
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data are completely consistent with 
acquisition data obtained for rats in a 
straight runway (Logan, Beier, & Kin- 
caid, 1956) and are congruent with data 
obtained for human maze performance 
(Bevan & Adamson, 1960). Second, 
when mean volume of reinforcement is 
held constant during acquisition, differ- 
ent ratios of reinforcement still produce 
a characteristic partial reinforcement 
effect during extinction. As ratio of 
reinforcement increases, so does resist- 
ance to extinction, although comparison 
of the data with some data obtained 
Carlier suggests that the partial rein- 
forcement effect may be reduced to some 
extent. Thus, in an experiment which 
Was essentially identical in details of 
Procedure to this one—except that mean 
volume of reinforcement was confounded 
With ratio of reinforcement—Hulse and 
Bacon (1962) obtained a much larger 
Partial reinforcement effect for FR 8 as 
compared with CRF. 

The rna can be accounted for by 
Means of a model which is quite mr 
to one suggested by Logan (1 Ak 
During acquisition, a given mean amo : 
of reinforcement per response is set. 
However, the absolute physical y ps 
of reinforcement actually given 5. oi 
Tesponse to response are guine e 
Varied according to some preset dis- 
tribution of amounts about the € 
amount. Continuous reinforcement. = 
Comes a special case where, for ue 
mean amount, the variance Ol : 
amounts actually given S is 0, 1 
receives the same amount following each 
Tesponse. Partial reinforcement becomes 
a special case where, for a given ees 
amount, the distribution of amoun ^ 
given S is chosen to include a 0 amount, 
ie., nothing at all, following ne = 
Sponses. There are, of course, an infint : 
Variety of siatistical distributions o 
amounts from which partial reinforce- 
Ment could be derived as a special case. 

he available data suggest that, within 
general limits, response strength sn 
acquisition is positively correlated with 


Ment, but as mean volume june ON 
gressively higher rates of responding shou 
€ obtained. 
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the mean of the distribution of amounts. 
For a given mean amount, however, 
resistance to extinction is positively cor- 
related with the variance, or variability, 
of the distribution of amounts that S 
receives. Further, some data of Hulse 
(1962), and some data obtained in an 
ingenious experiment by Berkley (1963) 
suggest that variable amounts increase 
resistance to extinction to the extent 
that the different amounts in a distribu- 
tion are discriminable from one another 
as stimuli. Berkley conditioned the 
licking response by presenting a drop of 
fluid every tenth lick that was constant 
in both volume and concentration of 
saccharine. On the intervening nine 
licks, S received reinforcing stimuli which 
varied along two dimensions: volume, 
and concentration of saccharine. Vol- 
umes were chosen to include nothing at 
all, and a volume that was the same as 
that presented every tenth lick, as special 
cases (partial and continuous reinforce- 
ment with respect to volume). Concen- 
trations were chosen to include water, 
and a concentration that was the same as 
that presented every tenth lick, as 
special cases (partial and continuous 
reinforcement with respect to sweetness). 
In general, resistance to extinction in- 
creased as the contrast increased in the 
qualitative and quantitative properties 
of the reinforcing stimuli presented from 
trial to trial during acquisition. 

We should like to conclude by pointing 
explicitly to a paradox that lurks in the 
data that are obtained with free operant 
licking as compared to the data that are 
obtained with other kinds of free operant 
responses. The paradox has potential 
implications for the usefulness of mean 
amount of reinforcement as a meaningful 
parameter of free operant behavior. ]f 
rats or pigeons are turned loose in con- 
ventional experimental spaces, rates of 
responding increase dramatically when 
ratios of reinforcement increase. When 
licking is treated as a free operant, how- 
ever, rates of responding decrease dra- 
matically when ratios of reinforcement 
increase (Hulse & Bacon, 1962; Hulse et 
al, 1960). As we have seen, mean 
amount of reinforcement necessarily be. 
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comes smaller as ratios of reinforcement 
increase so long as the absolute amount 
of reinforcement is held constant. There- 
fore, for most free operants, rate of 
responding increases as mean amount of 
reinforcement becomes smaller. For 
licking, however, the converse is true. 
The potential solution to this paradox 
lies in at least two possible directions. 
First, experiments incorporating the 
present approach simply have not been 
carried out with free operant responses 
other than licking. If mean amount were 
set as a parameter, and absolute amounts 
varied from bar press to bar press, for 
example, data more closely analogous to 
that obtained here might be found. In 
this connection, it may be that rate of 
responding as a measure of response 
strength for the variables under discus- 
sion is not appropriate in situations 
where S has to move from the manipu- 
landum to the reinforcement magazine 
to eat or drink. When amount of rein- 
forcement is varied—particularly for low 
ratios of reinforcement—eating or drink- 
ing time becomes an increasingly large 
component of the times that are used to 
compute response rate on the bar. With 
licking, this problem is avoided since the 
response that produces the reinforcer is 
at the same time the response that 
consumes the reinforcer. Finally, it is 
possible that the behavior that is char- 
acteristic of the licking response is 
unique. There are some suggestions in 
the literature (Stellar & Hill, 1952) that 
the tongue lick has many of the prop- 
erties of a fairly low-order reflex. Per- 
haps the function of the reinforcing 
stimulus in free operant licking is to elicit 
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tongue licks, as much as it is to reinforce 
tongue licks after they are emitted. 
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DRIVE AND INCENTIVE VARIABLES ASSOCIATED WITH 
THE STATISTICAL PROPERTIES OF SEQUENCES 


OF STIMULI} 
AUSTIN JONES 
University of Pittsburgh 
Drive and incentive variables associated with the information, com- 
plexity, and fluctuation of series of stimuli were compared. Visually 


deprived human Ss could execute an instrumental response which 
introduced series of light flashes varying in their degree of information, 


complexity, and fluctuation. 


A drive interpretation of information 


deprivation was supported by increasing response rates over hours of 
deprivation (p < .01); a drive interpretation was not supported for 
complexity or fluctuation deprivation. Response was found to be an 
increasing function of the relative value of all 3 incentive dimensions 


(p's < .001, 


<.05, <.05, respectively), 


The information-incentive 


function was superordinate to the other 2 in that they were suppressed 
when information incentives were simultaneously available to Ss. 


Recent studies have suggested that 
visual information deprivation in hu- 
mans generates a drive and that visual 
information functions as an a 
(Jones, 1961; Jones, Yogi, 
Braden, 1961). The Ss meinte in 
light-proof chambers were permittec 
instrumental responses E ie 
introduce patterned series of re e 
green lights. Response rate gr À 
increasing function of hours o p- 
rivation and of the information m 
Certainty) value of the series. , a 
Purpose of the present paper a 
report a series of experiments which 


Provides a comparison of the epee 
incentive properties associate 
those of 


stimulus information with : 
two additional statistical properties of 
Stimulus series, complexity and fluctua- 
tion, ‘The drive-incentive | relation- 
ships associated with these dimensions 
are evaluated both individually anı d 
"competition" with each other an 
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with the information dimension, so 
that the hierarchical organization or 
relative dominance of the three dimen- 
sions may be established. 

Stimulus information refers to the 
degree to which the succession of 
stimuli is unpredictable by S. Stimu- 
lus complexity is defined as the degree 
of "physical" randomness in a series. 
A stimulus series may have a high 
degree of complexity but zero informa- 
tion, as when a particular randomly 
ordered sequence, repeatedly pre- 
sented to S, becomes predictable by 
him. Stimulus fluctuation refers to the 
degree to which stimulus categories 
alternate. A stimulus series may have 
a high degree of complexity but zero 
information, as, for example, the single 
alternation A, B, A, B. . . . There is, 
then a logical hierarchical organization 
of the dimensions in the order in- 
formation, complexity, fluctuation. 
Nonzero values of each dimension are 
always accompanied by nonzero val- 
ues of dimension (s) subordinate to it, 
while superordinate dimensions may 
have zero values. A zero value of a 
dimension requires zero values for 
superordinate dimensions, while sub- 
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TABLE 1 


SAMPLE VALUES OF THE INFORMATION, COMPLE 


ITY, AND FLUCTUATION VARIABLES 
a! 
= —— 


Information 
Relative Value 


(Information at .00) | 


| Fluctuation 
(Information and 
Complexity .00) 


Complexity 


Serial Order of Flash: | Serial Order of Flash: Serial Order of Fl 
12S 4.6 1295... js s» 
1.0 RERE: ÉPPUT w abab: os 
aRaR... ATSF.a.; aabbaabb..- 
ss or or OF s 
DRBR caa brbr... bbaabbaa.-.- 
aaaa.. aaaa... aad. 
0 or or or 
Bbbbb.:. bbbb... bbbb... 


Note.—R is a flash whose color is randomly determined anew on each selection of the series b: 


but is thereafter fixed upon further selections of the seritti d 
ial position is either repetitive or symmetrically alterna 


ined 


ordinate dimensions may be nonzero. 
Thus a sequence cannot contain in- 
formation without containing also 
some degree of complexity and fluc- 
tuation, and a series cannot contain 
complexity without also some degree 
of fluctuation. In the experiments 
which follow, stimulus series of red 
and green light flashes embodying 
varying degrees of these dimensions 
were constructed in the manner out- 
lined in Table 1. 


EXPERIMENT I 


In the experiments by Jones et al. 
(1961), response rate increased mono- 
tonically as a function of the informa- 
tion value of the light series. That 
the crucial aspect of the light incen- 
tives was the information dimension 
is not entirely clear, however, for the 
reason that increased values of in- 
formation (uncertainty) of the light 
Series, were paralleled by and con- 
founded with increasing values of 
complexity ("physical randomness) 
of the light series. The purpose of the 
first of the present experiments was to 
provide a comparison of the relative 
Strengths of the drive-incentive rela- 


tionships associated with these — 
dimensions. The comparison gh ta 
simultaneous one, in which 55 ion 
prived of both stimulus informati 
and complexity were permis, c 
make responses serving to introc ai 
both information and complexity La 
centives. Complexity serics, Ui. 
out this paper, will refer to pont 
having some nonzero value of co 
plexity but with zero informato 
value. As noted earlier, informat : 
series necessarily contain complex! u 
values as well, since a series cannot ut 
uncertain or unpredictable siti 
also having some degree of gus 
randomness. Thus, in the Qm 
experiment, should response be $° vet 
to have the same linear function eh 
both information and comple i 
values, then the crucial dime, 
of the incentive would be establis ty 
as complexity, since the comp © 
series contain no information. , ons 
The simultancous visual condit s 
of information and complexity ting 
rivation were provided by isola? 
Ss in light-proof chambers 25 nt$ 
Scribed in the earlier expe. 
(Jones et al, 1961). The 5$ ries 
permitted a selection of light 9€ 
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among comparable ranges of informa- 
tion and complexity values. . 
The hypotheses concerned with 
drive interpretations were as follows: 
(a) The rate of instrumental response 
for information series will be an in- 
creasing monotonic function of hours 
of deprivation. (b) The rate of in- 
Strumental response lor complexity 
Series will be an increasing monotonic 
function of hours of deprivation. 
(c) Information response rate will be 
a "stronger" function of hours of 
deprivation (i.e. the slope will be 
greater) than will complexity response 
rate. I 
The hypotheses concerned pero 
Centive interpretations were: (a) Re 
Sponse frequency will be an increasing 
monotonic function of the information 
value of light series. (b) „Response 
frequency will be an increasing mono- 
tonic function of the complexity value 
of light series. (c) Response frequency 
will be a stronger function of informa- 
tion value than of complexity value. 


Method 


Thirteen undergraduate male a Py 
Paid $10.00, were visually deprived Ue prd 
Each S was provided with a CONS L The 
taining a button and a five-position diat. y. AO 

Utton activated electronic as ae 
Paratus which caused series of [ain eem 
8reen light flashes to appear e inis ieee. 
ach series consisted of six ed 


Intervals, The dial positions 
to differing values of information ony ak 
Plexity, relative values of ea 


Three ES | 
dimension were employed, hi, iae EE 
see Table 1), with 1.00 denoting o € 
mum value, As noted above, zero in [^ anon 
2nd complexity are represented by i en im 
Séries— repeated flashes of a single ne x 
Onsequently, only five series are requ owe 
Provide the three values of both dimer s A 
„e order with which the series were ge 
“ated with dial positions was varied ques 
VS, as was the color of the fixed flashes a p 
Table 1). So that Ss might not forget ahe 
nature of the series associated with each m 
Position, à panel containing à tactile co E 
“ch series was attached to the base of the 
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LO 
- 
T---.l " 


MEAN PROPORTION OF RESPONSES 


20 
— INFORMATION 
yl. ^ RESPONSES 
f --- COMPLEXITY 
RESPONSES 
.00 
1-2 3-4 5-8 ]-8 
HOURS 


Fic. 1. Mean proportions of responses as 
à function of hours in the deprivation situa- 
tion, excluding responses to series of zero 
value: Exp. I. (N = 13.) 


control box, As in the previous experiments 
cited, each S was given a 15-mg. Dexedrine 
spansule in an effort to prevent periods of 
sleep during the experimental session, since 
response functions over the 8-hr. period would 
have been difficult to interpret were uncon- 
trolled fluctuations between sleep and wake- 
fulness permitted. 

The experiment was introduced as a study 
of boredom. A thorough explanation was 
made of the operation of the apparatus and 
of the nature of the light series associated 
with each dial position, which S was required 
to memorize. The Ss were told that they 
might press the button whenever they wished 
but that there was no requirement to respond 
at all. They were instructed in the use of 
the tactile code and asked to refer to it when- 
ever their memorization might falter. Fur- 
ther procedural details were the same as those 
reported in Exp. II of the prior study (Jones 
et al., 1961). 


Results 


In Fig. 1, response functions over 
hours of deprivation are plotted 
separately for information and com- 
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plexity series. The data are the 
proportions of total responses tabu- 
lated over 2-hr. periods. Thus, for 
: each S there are four values summing 
to 1 for each function. For this com- 
parison, responses to the single series 
containing zero information and com- 
plexity were not included. Thus for 
each 2-hr. interval the proportion 
represents the pooled responses to the 
.50 and 1.00 information (or com- 
plexity) series. Data were analyzed 
by the analysis of variance of trends 
(Grant, 1956). The increasing linear 
trend of response to information series 
was significant, F (1,12) = 7.17, p 
« .01. No significant trends were 
demonstrated for the complexity func- 
tion. Further, the two functions were 
shown to differ significantly by a 1 
test based upon the linear components 
of the data, ¢ (12) = 2.86, p < .02. 
Figure 2 shows response functions 
plotted separately over the increasing 
values of the information and com- 
plexity series. Data are the propor- 
tions of total responses tabulated over 
the values .00, .50, and 1.00. Thus 
for each S there are three proportions 
summing to 1 for both functions. 
Responses to the zero condition are 
common to both functions but have 
different proportional representation 


—— INFORMATION RESPONSES 
===- COMPLEXITY RESPONSES 


MEAN PROPORTION OF RESPONSES 


00 -50 1.00 
RELATIVE VALUE 


Fic. 2. Mean proportions of responses as 
a function of the relative value of the informa- 
tion and complexity series: Exp. I. (N = 13.) 
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when the functions are considered 
separately, as may be noted in Fig. 2. 
The analysis of variance shows a 
significant linear trend over informa- 
tion values, F (1, 12) = 24.69, f 
« .001, but a significant quadrate 
trend over complexity values, £ (1, 12) 
= 25.60, p < .001. The difference 
between the information and aam 
plexity trends, assessed by a £ test Se 
correlated means based upon e 
linear component "scores" for Ss, w8: 
found to be significant at the 
level, ¢ (12) = 12.19. 


EXPERIMENT II 


i i d 
information an 
lly avar- 
y series 


In Exp. I, with 
complexity incentives equal’ 
able, response to the complexit on 
failed to show an increasing function 
over hours of deprivation or ingen 
values, although both such functi : 
were demonstrated with respect. ie 
information series. It seemed p 
that the information drive-incenti v” 
relationships might obscure cork a 
ity drive-incentive relationships W , r 
both are operating, but that the la 
might manifest themselves whe? si 
formation is held at zero. Exper! T. , 
II was designed to test this possibili D 
It was hypothesized that, in 4 me 
tion of visual deprivation charae s ; 
ized by the absence of inu. 
incentives, the frequency of ae in- 
for complexity series will be ‘a the 
creasing monotonic function of (a d 
number of hours of deprivatio”s vies. 
(b) the complexity value of the $ 


Method 


for the light series; the five complexity 5 
.00, .25, .50, .75, and 1.00 were €T" case): 
(with zero information value in C ed the 
Each series consisted of eight flas asiste”? 
smallest number providing for the e do 
construction of all five complexity v4" 
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MEAN PROPORTION OF RESPONSES 


50 75 100 


o0 25 
RELATIVE VALUE 
Fic. 3. Mean proportions of responses as a 
function of the relative complexity ae of 
the stimulus series: Exp. IT. (V = 12. 


Results 


The data were first tabulated as the 
proportions of total responses which 
were made during successive 2-hr. 
periods of deprivation. An analysis 
of variance of trends performed on 
these data again showed no significant 
trend, lincar F (1, 11) = 1.40, p > .05. 
Figure 3 shows the response function 
plotted over increasing values of com- 
plexity. As before, 


data are in the 
form of proportions of responses made 


to each value. Thus for each S there 


are fi oportions summing to 1. 
In contrast T the findings of Exp. l, 
the analysis of variance showed bot 

the linear and quadratic components 
of the function to be Joe 
(linear F = 4,91, quadratic F = 6: ‘ 
df = 1/11 and p < .05 in each case). 


ExPERIMENT III 


The purpose of Exp. III was is 
assess the relative strengths of the 
drive-incentive relationships associ- 
ated with stimulus complexity and 
Stimulus fluctuation when both aes 
of incentives are equally available. In 
View of the results of Exp. II, it was 
expected that there would again be no 
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evidence of an increasing trend of 
complexity responses over hours of 
deprivation, and that, since com- 
plexity is superordinate to fluctuation 
with respect to the statistical prop- 
erties of sequences of stimuli, there 
would similarly be no evidence for an 
increasing trend of fluctuation re- 
sponse over hours of deprivation. Re- 
garding incentive relationships, it was 
hypothesized (a) that response rate 
would again be an increasing linear 
function of complexity value of the 
series, (b) that response rate would be 
an increasing function of fluctuation 
value of the series, and (c) that the 
response function over complexity 
values would be steeper than that 
over fluctuation values. 


Method 


The method was identical to that of Exp. 
I except for the light series available to the 12 
Ss. Complexity and fluctuation series were 
represented by the relative values .00, .50, 
and 1.00. Since the zero values of complexity 
and fluctuation are represented by identical 
stimulus series—repeated flashes of a single, 
fixed color—only five series are required to 
provide the three values of both dimensions. 
Each series consisted of eight flashes. 


Results 


In Fig. 4, response functions over 
hours of deprivation are plotted 


e, 
ee 
30 =. 
. bi 
` 

er ut 
"d * 
* 


—— COMPLEXITY RESPONSES 
=-=- FLUCTUATION RESPONSES 


MEAN PROPORTION OF RESPONSES 
is 
3 


HOURS 


Fic. 4. Mean proportions of responses as a 
function of hours in the deprivation situation, 
excluding responses to series of zero value: 
Exp. III. (N = 12.) 


S 
v] 
oO 


50 


40 


30 


a — COMPLEXITY 


RESPONSES 


---FLUCTUATION 
RESPONSES 


.10 


MEAN PROPORTION OF RESPONSES 


-00 


-00 -50 
RELATIVE VALUE 


1.00 


Fic. 5. Mean proportions of responses as a 
function of the relative value of the com- 
plexity and fluctuation IH. 
(N = 12.) 


series: Exp. 


separately for complexity and fluctu- 
ation series; data are the proportions 
of total responses tabulated over 2-hr. 
periods. Analysis of variance shows 
complexity responses to be a signifi- 
cant decreasing linear function of 
hours of deprivation, F (1, 11) — 567, 
p < .05, and thus necessarily signifi- 
cantly different from the increasing 
trend of information responses over 
hours found in Exp. I; the similar 
appearing downward trend of fluctu- 
ation responses, however, was not 
significant (linear F = 1.94, quadratic 
F = 2.96; df = 1/11 and p > .05 in 
both cases), although the function 
also differed significantly from the 
information response function over 
hours, £ (23) = 2.44, p < .025. Fig- 
ure 5 shows response as a function of 
complexity and fluctuation values. 
Data are the proportions of total 
responses tabulated over the values 
-00, .50, and 1.00, separately for each 
function. Analysisof variance showed 
both functions to be significantly lin- 
ear at the .05 level —for complexity 
function, F (1, 11) = 7.86; for fluctu- 
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ation function, F (1, 11) = 8.03. The 
difference between the slopes of the 
functions was not significant (¢ < 1.0). 


EXPERIMENT IV 


The purpose of the final experiment 
was to assess the drive-incentive 
rclationships associated with stimulus 
fluctuation when the i eee e 
complexity dimension (and necessari y 
the information dimension) is held at 
zero. In Exp. III, neither complexity 
nor fluctuation responses showed y 
hypothesized trend over hours. i : 
view of these results, and in view Ah 
of the previous negative findings WI 
respect to a complexity response fuut" 
tion over hours of deprivation whet 
information was held at zero (EXP: 
1I), it seemed. unlikely that — 
ation responses would show an ? » 
creasing trend over hours of "i zi 
privation when complexity 15 ae at 
zero. It is theoretically possible vui 
such a function might exist, oye [^ 
despite the presumed transitivity et 
such effects, so that an empirica t 
was felt to be required. < 

In accord with the results of EXP: 
III, it was hypothesized that respo!?c 


rate would be an increasing linc?" 
function of the relative fluctuation 
value of the light series. It will e 
remembered, however, that in the E 
of complexity series, response ae x 
tions over values had imer, 
different properties depending 0" 1D 


presence (Exp. I) or absence (EXP. ^" 
of a competing stimulus dimens i 
The present experiment provides aA 
the demonstration of a similar P 
nomenon with respect to fluctuat! 
should such exist. 


ous 


Method 


The method was identical to thé 
preceding experiments, except for t 
series made available to the 11 .Ss- 
fluctuation values .00, .33, .50, .67, an 


To five 


d 1.00 


L1 
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Were employed (complexity. and information 
at zero in each case). Each series consisted 
of 12 flashes, the smallest number providing 
for the consistent. construction of all five 
Values. The 200. SD, am) 100 values att 
Sven in Tabte t. The .33 and .67 values 
refer to series in which one third and two 
thirds of the flashes are alternations of color 
With respect to the immediately preceding 
flash, 


Results 


The data were analyzed in the same 
Manner as in the preceding experi- 
ments, The analysis of variance 
Showed no significant trends of propor- 
tions of responses over hours of 
deprivation (linear £ < 1.0). Figure 
6 shows the response function plotted 
Over increasing values of fluctuation. 
PE ds of variance of trends 
tha hs TUE quadratic component of 
i nction to be significant; the 
crear component was not significant, 
luadratic / (1, 10) = 6.75, p < .05. 


Discussion 


pm hypotheses.—The results of the 
‘thusl tee support the view that 
as i ome deprivation functions 
riveni e variable, hut fail to support 
and erpretations of V isual complexity 
diyat o mion deprivation, the term 
the a used here in the sense of D in 
195 ull-Spence formulations (Hull, 

32; Spence, 1956). It had been hy- 
Dothesizeq with respect to each of the 
Aree variables that response rate would 
t an increasing function of hours in the 
“eprivation situation, where Ss were 
Permitted free response from the be- 
Sinning, This hypothesis, in order to 
near directly on a drive interpretation, 
“quires the assumption that the absolute 
Magnitude of the incentive is in each 
tie Very small, so that the progressively 

*rgizing effect of successive hours of 
oe tivation will not be offset by satiation 
“curring during the experimental ses- 
Slon, Positive results necessarily corrob- 
"rate this assumption, while. negative 
“sults are indeterminate. With regard 


to the taformation varie, Cic ASSI 

tion was supported in the prior study 

(Jones et al., 1961) and again in Exp. 1 

of the prese nt paper by the significant 

linear irend 0) morma tdh Pdi» sv- 
sponses over time. Thus, the infora- 
tion incentive was of sufficiently low 

magnitude that Ss showed no response 
decrement attributable to satiation. The 

hypothesis of increasing response rate 

over time was not supported with either 

the complexity or fluctuation variables, 

however. Two interpretations are pos- 

sible: (a) that there is no drive variable 

associated with complexity or fluctuation 

deprivation, or (b) that there is a drive 

variable but that it is extremely weak 

relative to that associated with informa- 

tion deprivation, so that such minute 

incentives as were comprised by the 
complexity and fluctuation light series 
were sufficient to produce satiation. (lt 
should be acknowledged that if com- 
plexity and fluctuation response rates 
had been found to increase over time, the 
demonstration of drive properties would 
have required a further experimental step 
to eliminate the possibility that the in- 
creased response rates represented incre- 
ments in habit only, rather than incre- 
ments in drive.) 


2 L2 k 
S a 8 


WEAN PROPORTION OF RESPONSES 


> 
a 


00 -33 .50 67 100 
RELATIVE VALUE 


Fic. 6. Mean proportions of responses as 
a function of the relative fluctuation value of 
the stimulus series: Exp. IV. (N = 11.) 
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Incentive hypothesis—In the prior 
study by Jones et al. (1961), response 
rate was shown to be an increasing 
monotonic function of the magnitude of 
the information incentive, a finding con- 
sistent with an incentive motivational 
interpretation as developed in the Hull- 
Spence view of reinforcement theory, 
This finding was replicated in Exp. I of 
the present study. . t 

Since information series contain non- 
zero values of complexity as well, it 
appeared possible that the incentive 
properties of the series were a function 
not of the information associated with 
them, but of their physical randomness 
or complexity. Were this true, the slope 
of the response function over complexity 
values would equal that over information 
values. Experiment I was designed to 
clarify this issue. As is shown in Fig. 1, 
the functions are quite disparate; the 
information function is almost entirely 
linear, while the complexity function is 
neither linear nor monotonic. Thus an 
incentive-motivational interpretation of 
the information dimension seems clearly 
established as independent from what- 
ever incentive properties may be asso- 
ciated with complexity. 

The results of Exp. I demonstrate the 
dominance of the information incentive 
motivational principle over that asso- 
ciated with complexity when both classes 
of incentives are equally available to Ss. 
Experiment II provides an assessment of 
the complexity incentive with informa- 
tion held at zero; a comparison of Fig. 1 
and 3 shows that the shape of the 
function does in fact change in the 
direction of increased linearity. In Exp. 
I, only the quadratic component is 
significant. The function remains non- 
monotonic, however, due to the relatively 
high frequency of response to .00 com- 
plexity; from .25 complexity upward 
the function is monotonic. Thus, the 
Strength of the incentive-motivational 
properties of the complexity dimension 
appears to vary inversely with the pres- 
ence of simultaneously available in- 
formation incentives. 

Complexity series necessarily contain 
fluctuation values, just as information 


AUSTIN JONES 


values, and à 


series contain complexity 1 
inde- 


parallel. question. concerning the I. 
pendence of the complexity incentiv 
dimension is raised. If the incentive 
value of complexity series were simply a 
function of their associated fluctuation 
rather than their physical fanden 
response functions over equal bee bi 
complexity and fluctuation would emit 
equal slopes, whereas the hypothesiz F 
dominance of the complexity incentiv 
dimension would be shown by a steep 
slope. The results of Exp. IH (e 
showed no significant difference pe 
the two slopes. Thus it appears haer 
stimulus complexity does not pera 
an independent incentive dimento y 
the incentive properties associated Yare 
physically random stimulus series d 
interpreted as due solely to the uro 
ation of stimulus categories rather t?? 
to the attribute of randomness. m 
Experiment IV assesses the fluctuat 
function with complexity held at m 
and with five rather than three value 


: * finely 
series. Responses to this more puted 
graded set of incentives are distr! s 


quadratically and nonmonoton th 
(Fig. 6) in a fashion very similar to II 
complexity function obtained in EXP oe 
plotted over five values. This CON 
spondence would be expected in sie 
the interpretation above that the IST 
tive properties of stimulus complex 
are due solely to the associated fluc 
ation of stimulus categories. n, it 
In the discussion of Exp. I and ties 
was noted that the incentive heed 
of the complexity dimension appre 
vary inversely with the presets. 
simultaneously available informati? ence 
centives. In view of the evi”. 
indicating that the incentive proP' 
of complexity series are in fact re i 
to those of fluctuation, it would ati 
necessarily to follow that a 
series—in which complexity 15 pet 
zero—would show the same 1 ne 
relationship; i.e., the linear compo tion 
of the fluctuation incentive fu”? in- 
would be steeper in the absence p 
formation series (Exp. IV) than 


wher 
ere 
i oils ee yes W 
“competing” information incentive 
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simultaneously available. A simultane- 
ous comparison of information and 
fluctuation variables was not included 
in the above experiments. As a control 
condition, however, Jones et al. included 
a 1.00 fluctuation series with the set of 
information series, all equally available 
to S. Response rate for the 1.00 
fluctuation series did not differ signifi- 
cantly from that for the series which 
represented .00 value of both information 
and fluctuation, resulting in an almost 
flat fluctuation gradient plotted on those 
two points. Thus the expected tran- 
sitivity of the incentive functions asso- 
ciated with the three dimensions appears 


to be verified. 
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CUE TRIALS, FREQUENCY OF PRESENTATION, 
AND MEDIATING RESPONSES! 


MARGARET JEAN PE 


SON 


Indiana University 


The effects of variations in the strengths of acquisit ion-pair associstiors 
upon verbal-mediating responses and response availability i «d 
vestigated by (a) inserting cue trials consisting of the stimulus a oi ? 
into a mediation paradigm: A-B, A, B-C, B, A-CDE ; and by (b) varying 


acquisition-stage frequency. 


Ss were to give the response on cue trials 


and to select the response which made the “best pair" with A on the 


test trials. 


Mediation was shown if test-trial selections of C following 


iati i ; sentation 
mediation presentation exceeded those following a control presentati 


which replaced B with a new stimulus in St 


age 2. When cue-trial 


responses were correct, mediation was evidenced and did not increase 


as a function of the acquisition-sta 
was reduced to a near-chance leve 


In the past, most Es dealing with 
verbal mediation have required that 
the two acquisition lists be learned to 
a higher level of proficiency than is 
customary in paired-associate learning 
experiments (e.g., Bugelski & Schar. 
lock, 1952; Russell & Storm, 1955, 
used a criterion of three correct trials). 
Presumably, the assumption was that 
overlearning the acquisition lists 
would facilitate the establishment of 
mediating chains. 

Using a different technique, Peter- 
son and Blattner (1963) found that 
test-trial responses following media- 
tion presentation increased at the 
Same rateas test-trial responses follow- 
ing control presentation when the 
frequency of presentation of the 
acquisition stages was increased from 
1 to 6. Similarly, Horton and Hart- 
man (1963) reported little evidence of 
mediated facilitation as a function of 
what they called “exposure frequency" 
of the acquisition presentations. 

The experiments reported herein 
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M5209 from the National Institutes of 
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Blattner in the conduct of Exp. I and II is 
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ge frequency. 
l. 


Response availability 


" dirate the 
were conducted to investigate 


relationships between acquisition Do 
strengths and verbal men 
Strength of the acquisition-palr 9r 
ciations was manipulated by Em 
presenting the acquisition stages ter- 
three, or six times, and by (b) i the 
polating cue trials on which low- 
stimulus alone was presented fol 3 ES 
ing display of the acquisition stimu s 
response pair and S was to providet. E 
appropriate response. If a Ver n 
mediating chain were more likely t° cS 
formed when the acquisition SEE e 
were well established, an incre 
in mediated facilitation would 
expected as a function of incre res- 
frequency of acquisition-stage. H re 
entation and of correct BUR EET e 
sponding. Experiment 1 was > jy 
ducted to test the predictions: cili- 
should be noted that mediated fa 
tation may reflect an increase 1! 
number of test-trial responses t a 
ing mediation presentation abet 
decrease in the corresponding nun 


: A both. 
following control presentation OF". 


asco 


a the 
llow- 


i 
* rere 

If responses on cue trials Ww “should 

correct, mediated facilitation * 

be reduced. ously 


à; - 
In a study mentioned prev 
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CUE TRIALS AND MEDIATION 


TABLE 1 


SAMPLES OF THE LEARNING MATERIALS 


Type of Presentation 
Frequency of Stage 
resentation 
Mediation Control 
Acquisition 
First A- QJH XZF QJH XZF 
Cue A on 
1 Second B-C MWB GW MWB 
Cue B ; ZON, 
Test Trial A-CDE QJH MWB FHJ GXM QJH MWB FHJ GXM 
Acquisition 
S A-B QJH XZF 
A-B QJH XzF 
A-B QJH XZF QJH XZF 
Cue A QJH Qui 
3 Second B ‘ZF MWB ZGW MWB 
B MWB ZGW MWB 
MWB ZGW MWB 
Cue ZGW 
"Test Trial MWB FH] GXM QJH MWB FH] GXM 
! isition 
aamen A-B : QJH XZF 
A-B shown 5 more (Q]H XzF shown 5 more 
: times) 
ue A SIM 
6 Eue id B-C S zi ek ZGW MWB 
p.C MWB shown 5 more | (zew MwB shown 5 more 
: times) times) 
Cue n "DI A cab 
Test Trial A-CDE | QJH MWB FHJ GXM QJH MWB FH] GXM 


(Peterson & Blattner, 1963) pun 
evidence suggested that mediationa 
Chains were established by @ single 
Presentation of cach of the acquisition 
Stages. Then increases in mediation 
Íound as a function of increased ac- 
Wisition-presentation frequency oe 
reflect incremental strengthening © 
the mediational chains, Or the addi- 
tional opportunities for the chain 
to be established in an all-or-none 
ashion, If acquisition stages were 
Presented until cue trials always ende 
a correct response, an increase in 
"ediationa] facilitation might be ex- 
Pected if incremental strengthening 
Occurred as the result of overlearning 
e acquisition pairs but would mat 
?€cessarily be expected if the mediat- 
ing chain were established in an all-or- 


none manner. In Exp. II, frequency 
of acquisition-stage presentation was 
varied as in Exp. I but if S erred on a 
cue trial the pair was reshown until he 
emitted the correct response. 

Experiment III was essentially a 
control experiment to evaluate meth- 
odological differences between Exp. I 
and II. 


G 


Materials and design.—Consonant trigrams 
(CCCs) of from 0 to 17% association value 
(Underwood & Schulz, 1960) were used to 
construct mediation sets (Table 1). Using 
memory-drum (Exp. I) or card (Exp. II and 
III) presentation, a mediation set began with 
the first-stage presentation of a pair of con- 
sonant trigrams, A-B. Stimulus A was then 
shown alone as a cue trial and S was in- 
structed to read off the stimulus and to give 
the response which had been paired with it 


ERAL METHOD 
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on the previous presentation. In the second 
acquisition stage, the response term from the 
first pair, B, was shown as the stimulus with 
another trigram-response term, C, which was 
then followed by the appropriate cue trial, B. 
In the test stage, the first stimulus trigram, A, 
was presented with the second-stage response, 
C, and two additional trigram-response 
alternatives, D and E. For memory-drum 
presentation of Exp. I the four trigrams were 
typed in a row. The Ss were told that the 
left-hand term was the stimulus to be paired 
with each of the other response terms. The 
stimulus was printed above the row of three 
response alternatives for card presentation of 
Exp. II and III. (Additional details specific 
to the manner of presentation used for each 
experiment -are described with that experi- 
ment.) The Ss were instructed to verbally 
pair each of the response trigrams successively 
with the stimulus trigram, A, and to then 
select the response alternative (i.e., C, D, or 
E) which made the “best pair or seemed 
right" with Stimulus A. A control set was 
prepared for each mediation set by substitut- 
ing a new extraneous trigram for Stimulus B 
in the second-stage pair, X-C, providing a 
total pool of 24 mediation and their respective 
24 control sets. 


The first- and second-stage pairs were 
presented one, three, or six times before the 
cue trial was displayed. Thus the experi- 
mental design consisted of a 2 X 3 factorial 
in which type of presentation (mediation vs. 
control) was orthogonal to frequency of 
presentation (1, 3, or 6). The resulting six 
cells were each represented four times among 
the 24 sets assigned to a particular S. The 
order of presentation of the sets so assigned 
was randomized, 

Procedure.—The Ss were instructed: 


In this experiment you will be shown some 
consonant syllables. A consonant syllable 
is composed of three consonant letters. 
Soon you will see a pair of consonant syl- 
lables. You are to read the letters aloud. 
Then the first syllable will be shown again 
and you read off the letters and give the 
letters of the consonant syllable just paired 
with the first syllable. Soon you will see 
another kind of presentation. Four conso- 
nant syllables will be shown. The one on 
your left (on top) is the stimulus syllable 
and you are to read it off with each of the 
other three syllables, the response syllables. 
For example, if the stimulus were Anc and 
the responses were DFG, HJK, and LMN, you 
would say ABC DFG, ABC HJK, ABC LMN. 
You are to decide which of the last three 


g H ^w 
response syllables makes the best pair or 
seems right with the stimulus. Do y 
have any questions? Let's try a few. 


Prior to the experimental run a p 
set was given at each of the three - pee 
frequency. The practice sets bum es 
both mediation and control sets in s. 
different stimulus and response trigran one 
the acquisition and test trials. The = xe 
used in the practice sets were not pers ee 
materials employed in the experimen E Sal 
described above. After the a 
session, Ss were questioned about the in es 
of selection of responses on the test deed 
dismissed. None of the Ss appeared o 
insight into the experimental cad at m. 

Subjects.—A total of 54 — ns 
chology students at Indiana . con 
participated to fulfill course Lure: dm 
in each experiment with no duplicatio 
from experiment to experiment. 


Ss 


EXPERIMENT I 
Method. -— 
H ^r e 

The materials were typed in capital were 
on a long memory-drum tape dium was 
displayed at a 4-sec. rate. The [s unti 
stopped on cue and on test tria E nd 
responded or indicated that he wa 
to respond (cue trials). 


Results and Discussion 


Although more C selections 12 
made following mediation presen a 
tion than following control presen a 
tion, the difference was short a 
statistical significance, Frype of Pee of 
(1, 17) = 4.00, Table 2. The ~ es- 
the main effect of frequency of Fhe 
entation was less than anys cue 
third main effect, correctness O we 
trial responses, was reliable p 17) 
the .001 level of significance, F M 
— 45.46, showing that when cv fecto 
responses were correct, C was Se han 
more frequently on the test trials n 
when the cue-trial responses ha! 
incorrect. :ater" 

Primary interest was in the p 
actions. As predicted, when d al 
responses were correct, eta 
facilitation was shown by the re "elec" 
greater number of Test-Trial C § 


were 
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TABLE 2 

ANALYSES OF VARIANCE, NUMBER OF TEsr-TRIAL C SELECTIONS 

Source df Exp. I Exp. II Exp. III 
Subjects (S 17 ; 
Type of o — (T) (P 1 4.00 63.84*** 16.10% 
Frequency of presentation (F E= = : 
Cue-trial responses (C) ; doa dig u ko 
TXC I 5.39* 5.65* 
F ol € 2 6.14** 9.8055 
TXS 17 a 
FXS 34 = 
TE i i 
TXEXC 34 = Es 
T SEXS 17 = 2.47* 
F se <8 34 123 1.42 
Error d 34 (23.1573) (30.1112) (13.8240) 

"Total 215 (df — 107) 


tions following mediation than € 
Presentation (t = 2.78, P < .02, Table 
The difference following incorrect 
Cue trials was not reliable (! — 1.25, 
am .05). Selection of the C alterna- 
tive on test trials was more frequent 
When cue-trial responses were corrent 
"làn when they had been wer 
Oth mediation (¢ = 13.44, P < oo 
and for control presentation (t = 9.42, 
P< .001). The above £ tests were 
computed using the T ha x Sinter- 
action te ith df = 17. | 
n an ule or (Peterson & 
Blattner, 1963) the number ot, : 
alternatives selected on the test tria 4 
iffered from an a priori chance “es 
This phenomenon, response avar- 
ability, was assumed to reflect some 
‘ind of enhancement of C on the test 
trial deriving from its immediate y 
Precedent exposure during the secon: l 
“quisition stage. In the presen 
Xperiment, the number of C se E 
lons on the test trials following 2 
Control presentations exceeded hance 
+*Pectations, t (17) = 4.25, p « 0 s 
en control presentations were sepa 


"ated into those with correct cue-trial 


responses and those with incorrect, 
test-trial selections did not differ from 
chance in the first case, ¢ (17) = 2.05, 
p> .05, but were reliably below 
chance for incorrect cue trials, £ (17) 
= 6.99, p < .01. Correct cue trials 
appeared to facilitate the formation 
of mediating chains and to reduce 
response availability to a chance level. 

The significant F x C interaction 
(Table 4) arose from a general increase 
over frequency of presentation when 
cue trials were correct, F (2, 50) 
= 8.64, p < .001, and a decrease as 


TABLE 3 


MEAN TEST-TRIAL C SELECTIONS AS A 
FUNCTION OF TYPE OF PRESENTATION 
AND CUE-TRIAL RESPONSES 


Cue-Trial Responses 


Correct Incorrect 
Exp. I 
“Mediation 6.06 1.22 
Control 5.06 1.67 
Exp. III 
"Mediation 6.50 1.22 
Control 5.06 1.72 
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intervening stimuli, a result which is 
strongly supported by the data of 
Hunt (1961). 

These earlier studies of memory in 
concept learning are incomplete in at 
least one sense which is the primary 
issue explored in the present experi- 
ments. Simultaneous and successive 
stimulus-presentation methods are 
end points on a quantifiable dimen- 
sion, to be described as stimulus avail- 
ability, which may be operationally 
defined in terms of the number of 
previously presented stimuli to which 
S has access on any trial. The pur- 
pose of the present experiments is 
to evaluate the effect of systematic 
variation in the amount of previous 
information available to S. In light 
of earlier results, a monotonic im- 
provement in performance over inter- 
mediate conditions of availability is 
expected. 


EXPERIMENT I 
Method. 


Procedure.—Stimuli used in this experi- 
ment were geometric designs printed on 3 X 3 
in. stiff white cardboards. Each of 64 cards 
contained one design formed by the com- 
binations of levels within the following six 
binary dimensions: color (red-green), size 
(large-small), texture (speckled-solid color), 
number (one-two figures), form  (circle- 
ellipse), and border (connected-broken). 

The procedure was patterned after that of 
Hovland and Weiss (1953) and Cahill and 
Hovland (1960). Preliminary instructions to 
S about the concept-learning task included 
(a) a description of all the stimulus dimen- 
sions and their levels, (b) an indication of 
the number of dimensions which might be 
relevant to problem solution, and (c) an 
explanation of the information conveyed by 
positive and negative instances of the concept. 
After instructions, Ss were given a practice 
problem which involved learning a con- 
junctive concept with one level on each of 
two relevant dimensions, e.g., speckled figure 
within a broken border. In the experiment 
proper, each S was given a series of three con- 
junctive concept problems to solve. During 
any problem, the stimuli were placed before 
S oneata time, E describing each asa positive 
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or negative instance of the concept. bu uw 
15 sec. after the presentation of each sumy a 
S was required to verbalize a guess akant i 
concept, thus providing E with a trial-by Aot 
record of his hypotheses. The S rua ee 
permitted to see this record until pro ad 
solution had been attained. A pubem 
terminated after S stated the correct vem 1 
on four consecutive trials. Approxima tas 
min. passed between successive p med 
during which S’s questions were m ub 
Within each problem, stimulus gnum fist 
random with two restrictions: (a) Su ce 
card in every problem was à posin negative 
and (b) all possible positive ay E were 
instances within a given prob ie ; 
presented once before any was repe dependent 
Experimental | design.—An Be f six con- 
group of 12 Ss served under Sace resente 
ditions of availability of previously p ups ? 
information. For each of these BU. An 
number of previously presented stim 
0, 1, 2, 3, 4, or 5, remained before - 


available to S for inspection. 
new stimulus was presented the ear E pre 
available series was removed. | V T stances 
sented cach card such that positive m 
appeared in a row on the table clos 
than negative instances to permit m 
identification of the status and inform In 
conveyed by any particular stimu emo d 
Cond. 0, each stimulus card W25 5 
before the next was presented. roblems 
Each of the three experimental e rof 
given to S involved a different Devant 
dimensions (one, two, or threc) re used 
solution; the actual dimensions s i 
relevant varied between prob T le 
series. In all problems, three 
dimensions were permitted to vary: each 


of three problems were constructs ; Lom 
which was used for half the 12 %5 dere 
availability condition; all six poss! rde 
of three problems in a set were use r 
for each of six Ss. juntects fon 
Subjects.— The Ss were 72 vo E 3 we 


introductory psychology course? ! cen 
assigned to groups randomly as they e se?" 
Each S served individually in a sin£ 
lasting no longer than 45 min. " 
c IG ,radU^ y. 
? [n Exp. I and IT, Ss were under ele 
at the University of California, ates at 
The Ss in Exp. I were undergradu? 
University of Utah. 
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TABLE 1 
ANALYSES OF VARIANCE ON NUMBER OF INSTANCES TO SOLUTION: Exp. I 
Total Instances Negative Instances Positive Instances 
Source af 
MS MS F MS F 
Availability (2 5 892.76 | 15.25** | 6g4.og| 25.12**| 14.51 6.85** 
a ability (A) 1 | 3,519.24 | 60.11** | 2,715.66 | 99.57** | 52.00 | 24.54** 
Quadratic 1 722.38 | 12.34** | 563.17 | 20.65** 9.90 4.67* 
Cubic 1 70.94 1.21 61.45 2.25 0.34 0.16 
Ouartic 1 36.57 0.63 26.36 | 0.97 0.83 0.39 
Juintic 1 114.68 1.96 58.26 2.14 9.46 4.47* 
i ld 66 58.55 27.27 242 
[| NN 
ley ne 2 | 9,823.91 | 176.89** | 8,417.18 | 170.07** | 54.34 | 27.88** 
Ties 1 118,225.00 | 328.15** |15,604.17 | 315.20** | 101.67 | 52.22** 
Quadrati 1 | 1422.82 | 25.62** | 1,230.19 | ` 24.86** 7.00 | 3.59 
B. s 10 | 625.50| 11.26** | 474.23)  o.sg**| 1115 | 5.72** 
Lin, x Li 1 | 4005.26 | 72.12** | 3,118.76 | 63.02** 55.37 | 28.41** 
Lise Quad 1 | 94813| 17.07 | 733.72 | 14.83** | 13.72 | 7.04** 
Ouad S Lig. 1 | 852.54] 15.35** | 608.96] 12.30** | 20.44 | 10.49** 
uad € Quad 1 | 214.50| 3.86 148.60 | 3.00 6.03 | 3.10 
Cub. XL Has 1 26.60| 0.48 13.78 0.28 2.09 1.07 
Cub m 1 T37| 0.13 8.51} 0.17 0.04 | 0.02 
Quas e dade 1 34.84 | 0.63 20.72 | 0.42 1.82 | 0.94 
Ouse e Quad 1 0.37 0.01 0.34 0.01 0.00 0.00 
Du LS uad. 1 107.68 1.94 54.48 1.10 8.98 | 4.61* 
Quin; € Gee i 1 57.68 1.04 34.40 0.70 2,99 1.54 
ae n. X Quad. 1 3.17 0.06 14.52 0.30 0.17 0.09 
HU em set 5 88.60 1.60 71.94 1.45 1.72 0.88 
ars 2. 92.98 1.67 73.01 1.48 1.60 0.87 
FI Mb 124 55.54 49.49 1,95 
5519 
Rasuli measured by number of negative in- 
tits stances to solution without any atten- 
e three 


Summarized in Table 1 ar 
analyses of variance performed an 
total number of instances, number e 
Positive instances, and number O 
Negative instances presented to 5 a 
to the four-trial criterion run. , es 
arate analyses were performed in 4 
expectation that these measures won 
show different effects, especially tor 
Number of relevant attributes ane 
as this variable changes, S° do the 
relative numbers of positive and nega- 
tive instances within the total set. 
Because there is considerable evidence 
indicating that negative instances n 
difficult to use in concept jp 
15 possible that increasing the number 

relevant attributes could produce 

Significant effect on performance 


dant change in task difficulty or in 
performance measured in terms of 
number of positive instances to solu- 
tion. Despite the fact that the num- 
ber of negative and positive instances 
differed across problems, there is 
marked consistency in outcome among 
the three analyses. 

The main effects of availability and 
number of relevant attributes and the 
interaction of these variables were 
highly significant in all analyses. The 
nature of these effects is illustrated in 
Fig. 1. A significant quadratic com- 
ponent of the function for number of 
relevant attributes is consistent with 
earlier results. (Walker & Bourne, 
1961), showing the effect of increasing 
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the number of nonredundant relevant 
dimensions to be a disproportionate 
increase in the difficulty of the task. 

Availability of previous instances 
also affected performance nonlinearly ; 
its facilitative effect decreased as its 
value increased. Indeed, at least in 
the case of problems with three rele- 
vant attributes, there may have been 
a decrement in performance with 
stimulus availability greater than 
four. 

The reliable interaction of these 
variables reflects the fact that avail- 
ability was less facilitative in problems 
of lesser complexity. In fact, there 
was little observable effect in problems 
with one relevant attribute in which 
solution was attained on the average 
in less than five trials. The significant 
components of interaction are con- 
sistent with the nonlinear main effects. 

The analysis of positive instances 
differs from the others in two im- 
portant ways: (a) only the linear com- 


e 
o 


40 


30 


20 


MEAN NUMBER OF TOTAL INSTANCES 


0 | 


AVAILABILITY CONDITION 


Total number of instances to solution as a joint function of availability and T 
(Each plotted point represents the data of 12 Ss: EXP- 


Fic. 1. 
relevant attributes. 
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ponent of the relevant-attributes vari- 


‘able was statistically significant and 


(b) significant quintic giponen 
occurred in the availability term ee 
in the interaction of availability an 
relevant attributes. Neither oia. 
has an obvious explanation, SR 
the latter finding is not highly t 
cant and appears to be attributab € 
the irregularity of the perm 
availability function in problems d 
three relevant dimensions in W pro 
positive instances are relatively (hj 
and their position in the stimt 
sequence is particularly critical. É 

No other sources of variance Y i 
statistically significant, including ^. 
ordinal position effect which re "s 
a lack of general improvement 1n dol 
formance across three experime 
problems. 


erc 


EXPERIMENT lI 


CP. m Te j avail- 
T'he investigation of stimulus 


n ar 
ability in Exp. I was limited in P 


O 3 REL. ATTRIBUTES 
D 2 REL. ATTRIBUTES 


^ | REL. ATTRIBUTES 


2 3 4 5 


f 
imber ? 
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"no [2 A^ 
e e eo 


o 


MEAN NUMBER OF INSTANCES 


© TOTAL 
O NEGATIVE 
^ POSITIVE 


4 6 8 10 


AVAILABILITY CONDITION 


Fic. 2, Number of positive, 
as a function of availability. 


by the desirability of including parallel 


Conditions at three different psi i 
task complexity and in part by mie 
of preliminary information about ^ 
Significant range of this variable.. s 
Wider range of values was utilized 1 

Exp. II in order to provide Y com 
9n the reliability of the availabi ; : 
effect and to check on possible inver 
Sions in the function at higher values. 


Method 


ji hi 
In all respects except the following, the 


in Exp. I. 
Procedure was the same as that pe eel in 
; 1€ Ss were 60 volunteers mon ruseibuily 
p troductory psychology, assigned r 


" n- 
"t in equal number to five independent co 


itions ck availability. These Rone ONS n 
ich that 0, 4, 6, 8, or 10 stimuli from e re 
, , , 3 
nimediately preceding the present Because 
“ined in view for S’s inspection., oncept 
effect of availability was largest 1n SEP 
"Oblems of greatest complexity in. e 
Was required to solve only one E ibutes 
çoncept involving three relevant attr! 
od, Ted, ellipse) and three irre 


D 


levant dimen- 
si 
ns (size, number, and border). 


number of negative, and total number of instances to solution 
(Each plotted point represents the data of 12 Ss: Exp. II.) 


Results 


Trials to solution.—Plotted in Fig. 2 
are the mean numbers of positive, 
negative, and total instances required 
by Ss in the various availability con- 
ditions. Analyses of variance show 
availability to exert a significant effect 
on each measure (Total: F = 11.46; 
Positive: F — 6.36; Negative: F 
= 11.40; df = 4/55, p< .01). In 
order to assess the form of these per- 
formance-availability functions, scores 
for Availability Cond. 2 were esti- 
mated by linear interpolation between 
Cond. 0 and 4. Such estimates 
make the simplest possible assumption 
about the effect of availability and 
yield essentially the same values as 
those observed for Cond. 2 in Exp. I. 
In analyses on each of the three 
measures, only two components of 
trend, the linear and the quadratic, 
were significant (Total: Fun. = 19.79, 
Fanaa. = 18.17; Positive: Fiin. = 12.04, 
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Fauaa. = 9.29; Negative: Fiin. = 19.86, 
Fausa. = 18.50; df = 1/55,p < .01). 
The outcome indicates that perform- 
ance, no matter how measured, im- 
proves with stimulus availability, but 
that an optimal degree of availability 
exists at a small number of stimuli. 
Further analyses with Duncan's test 
support this conclusion, suggesting, as 
does Fig. 2, that the optimum is at or 
about four stimuli (in addition to the 
immediate stimulus of any trial). In 
all cases, Cond. 0 differed from Cond. 
6, 8, and 10, which in turn differed as 
a group from Cond. 4 (p < .05), 
Perceptual-inference and memory er- 
rors.—Hypotheses stated by S may be 
incompatible with information (a) in 
the immediate stimulus or (b) in the 
stimulus presented on any preceding 
trial. Cahill and Hovland (1960) 
termed erroneous hypotheses of the 
first type perceptual-inference (P-1) 
errors for they reflect either a failure 
to perceive a stimulus correctly or to 
draw proper inferences from it, and 
those of the second type memory (M) 
errors for they indicate a failure to 
recall and utilize correctly information 
in earlier stimuli. The analysis of 


availability prescribed by successive 
and simultancous stimulus presenta- 
tion; thus it seemed appropriate to 
make a similar analysis on the more 
detailed evidence of the present 
experiment. g 

"Table 2 shows the mean number Es 
hypotheses in each availability ue 
tion which were incompatible wi d 
information in the stimulus piesen 
on any trial, x, with infor 
presented on the just preceding Mae 
x — 1, and so on back for eight degr 1 
of remoteness from the aco 
presented stimulus. All hypothe ali 
which were incompatible with st ái 
still exposed, e.g., x through x — pee 
Cond. 4, are labeled P-I errors, usly 
those incompatible with peered 
exposed but no longer available $ ‘a 
uli, eg., x — 5 through x T2 ih 
Cond. 4, are labeled M errors. Hene 
of the trial series analyzed was ape z 
in order to include at least one SY 
scries for all Ss. 

There were relatively few. 
rors; counting only those which 2 
made to the immediately prese” d 
stimulus (Trial x), there was nO ae i 
able difference among the five ava 


p-l er 
ere 


erroneous hypotheses described by ability conditions, F (4, 55) = ol 
Cahill and Hovland was limited toa p> .10. The Ss who mau have 
comparison of the two conditions of errors on this trial, however, dic 
TABLE 2 
MEAN NUMBER or Errors: HYPOTHESES INCOMPATIBLE WITH INSTANCES 
PRESENTED VARYING NUMBERS OF TRIALS EARLIER: Expr. II e nm 
v Degree of Remoteness 
see ty Type or Error 8 
[U 1 2 3 4 5 6 Mm rn 
0 P-I 1.00 as | 3.00 
M >. | 1.00 | 1.67 | 2.25 | 2.33 | 2.67 | 2.58 | 275 | "— 
4 P-I 35| .33| .33 | .58| 42] — | — us 
$ M .58 | 5| 47 d 
M .68 2 68 80 80 .63 75 58 33 
8 PI 92 | .75| 75 | 92| .75| .8| .70 | -52 — 
10 e 58) .75 | .67 | .82 | .87 | .83 | .88 | 2%] — 
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greater difficulty in concept learning. 
Subgroups were formed by dividing 
Ss at the median number of P-I 
errors within each availability condi- 
tion; these subgroups differed signifi- 
cantly in total trials to solution, 
U(m = 20, n; = 40) = 55, p < .01. 
The result is consistent with findings 
of Cahill and Hovland; one factor 
important in producing overall per- 
formance differences appears to be 
the ability to utilize information from 
Successive stimuli as they are pre- 
Sented in the trial sequence. 

The Ss in Cond. 4, 6, 8, and 10 had 
Varying numbers of „opportunities 
to make P-I errors with. respect to 
Stimuli presented earlier in the trial 
Sequence. Since these groups aire 
in overall performance, an analysis o 
Variance was performed on the num- 
ber of hypotheses which were 1ncom- 
Patible with information presented 
in remote but still exposed stimuli. 
These groups had four such trials - 
Common, x — 1 through X — 4, an 
the analysis was limited to this series. 
Only the difference among € 
reached an acceptable level of ore’ 
cance, F (3, 44) = 3.48, p < verge 
Cond. 4 producing fewer crate UP 
< .05) than any of the agen 
Sroups according to Duncans test. 
"here was no significant trend os 
trials; hypotheses were equally mm 

€ incompatible with sien 
' any still exposed stimulus, 2 E 
Which is consistent with the pertorn 
ance of Ss under simultaneous -— 
Uus presentation (Cahill & Hovland, 
1960) 

Memory errors were 
particularly in Cond. d w 
RIS t heavily : 
information to delineate the correct 
concept, An analysis of variance = 
Performed on the number of "s 

theses which were incompatt e 
With information in stimuli varyIn8 


numerous, 
herein S had 
on retained 
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numbers of trials (x — 1 through 
x — 8) earlier in the sequence. This 
analysis was limited to a comparison 
of Cond. 0, whose errors over this 
sequence were all of the M type, and 
Cond. 8 and 10, whose errors were en- 
tirely of the P-I variety. Significant 
effects due to Conditions, F (2, 33) 
— 4.15, p « .05, and to the Condi- 
tions X Trials interaction, F (14, 231) 
= 3.31, p « .01, were observed, the 
latter confirming the apparent differ- 
ence in trends over degrees of remote- 
ness shown in Table 2. 

Note that the mean numbers of M 
errors produced in Cond. 4 and 6 are 
smaller than that in Cond. 0. Such 
an outcome is not entirely unexpected 
in view of the fact that Ss in these 
conditions had five or seven stimuli (a 
combination of positive and negative 
instances) for inspection on each trial. 
The formation and statement of a 
hypothesis compatible with available 
stimuli reduced the likelihood that it 
would be incompatible with stimuli 
no longer exposed. 


EXPERIMENT III 


Both Exp. II and the study by 
Cahill and Hovland (1960) demon- 
strate that only a small proportion of 
errors in concept learning is attribut- 
able to S’s failure to draw appropriate 
inferences from perceptually available 
information. More errors result from 
S's apparent failure to remember 
earlier stimuli in such a way as to 
utilize their implications. That P-I 
errors may not be wholly unimpor- 
tant, however, is indicated by a 
worsening of performance in complex 
tasks when more than five stimuli are 
available. A larger array of stimuli 
may yield some weak but significant 
interference effect with the implication 
that Ss are confused by an excess of 
available information, fail to take it 
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Total number of instances to 
solution required (a) by the group as a whole 
and (b) by the two subgroups using more or 
less than the median time per trial to respond 
under six conditions of availability and re- 
sponse interval. 


all into account, and as a result 
produce more errors or require more 
trials to solution. Alternatively, the 
outcome of Exp. II may be explained 
on the argument that Ss were not 
given sufficient time to inspect and 
utilize all available information. A 
fixed, 15-sec. response interval was 
strictly enforced in all conditions of 
the preceding studies. The purpose 
of Exp. III was to determine the 
adequacy of these interpretations by 
testing the hypothesis that removal 
of the response-time limit will facili- 
tate the utilization of available in- 
formation and thereby reduce trials 
to solution under conditions in which 


more than four previous stimuli are 
available to S. 


Method 


With the following exceptions, the method 
was identical to that described for Exp. I. 
jhe Ss were 120 volunteers from courses in 
introductory Psychology,? assigned randomly 
and in equal numbers to 12 independent 
groups. Experimental treatments were 
formed by the factorial combination of three 


availability conditions (zero, four, and a 
stimuli from immediately wg, M i 
remain exposed), two types of ted) 
terval (Limited to 15 sec. and Unl r 
and two different problems. Prelimir ohe 
structions were the same for all pan limit 
did not indicate to Ss that there Sen en 
on the permissible response interv E Sad qot 
any trial S in the Limited conditior ae 
stated a hypothesis within 15 sec., int. The 
he was required to do so at Hen PO II Ss ant 
length of the response interval eh ed ane 
every trial was recorded. Each antan 
conjunctive problem with three eni of two 
three irrelevant dimensions; cac ct to the 
problems, which differed with respa it Es 
particular dimensions selected as re eva 
irrelevant, was used for half the Ss. 


Results 


Trials to solution.—Mean namba 
of total instances to solution r 
major conditions of the we ca of 
are shown in Fig. 3. Analyse 


-hree meas- 

i n the three 
variance performed o iber © 
in- 


nearly 


In all analyse 
linear component of availabilits sitive 
significant (For = 14.03; T7408, 
= 14.68; Frogative = 13.59; df = 1/ 


P nge- 
P < .01). Variance due to -— sig- 
interval conditions was large, ÞU itive 


nificant only with number of p» " 
instances to solution as the pero 
ance measure, F (1, 108) e: a 
< .05. To test the hypothe pe 
limited response interval will ü 
fere with effective  utilizatio 
information in a large yet 
stimulus instances, / tests of t^ jite 
formance differences between Laal is 
and Unlimited groups rome All 
ability Cond. 8 were compute ` (hots 
"s were marginally significant 1.73 
= A kanie e 1.7 De agite = 
df = 38, p < .05). Gi 
Response times.—Within each on 
Six major conditions of mr 
interval and availability, ae sized 
divided at the median into equal- 


m- 
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f the 


AVAILABILITY AND CONCEPT LEARNING 


Subgroups composed of those who 
took more and those who took less 
time to respond averaged over all 
trials. Mean numbers of instances 
required by Ss in these subgroups are 
plotted in Fig. 3. The largest differ- 
ence between subgroups within a 
single condition appears with a 
Limited response interval at Avail- 
ability Cond. 8. The difference be- 
tween these subgroups is marginally 
reliable, U(m; = ms = 10) = 29.5, 
P = .06. No other subgroup com- 
Parisons were significant. 


DISCUSSION 


study confirm 
s of Hovland 
and Hovland 


Data from the present 
and extend the uade 
and Weiss (1953), Cahi Es z 
(1960), ep ee (1961). They akoy: 
that, in general, concept T 
significantly facilitated by w ee of 
ability of previous stimuli, the degr: ise 
effect increasing at least up to bility 
Optimum. However, the n = 
dimension, represented in Lee | ae 
Search only by the extreme con vo s 
Produced by simultaneous and ues ; re- 
Stimulus presentation, is complex Taag 
lated to performance. In the Arae D ler 
Availability had less effect in simper 
Problems, i.e., those with only es abiy 
relevant attributes, which is e rob- 
attributable to the fact that suc? P the 
ems were solved rapidly. Durme was 
first few trials of any problem, bility be- 
little advantage to high yalla pere 
Cause (a) full availability was Y trials 
Only after a prescribed number aie on 
all groups started with one es r use 
the first trial) and (b) Ss make ale eyen 
of information in the initial ae avatlable 

ough they may not remain s stimuli 
9r inspection, than that "Cahill & 
Presented ater in the series (Cé ental 
Hovland, 1960). Thus, wq era pet 
Procedure and a primacy ae blems 
Operate to facilitate solution to Vuoate 

esser complexity, tend to M errors 
the effect availability has 0n Loa ni: 
8nd are sufficient to explain the sig 
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cant interaction between task complexity 
and availability in Exp. I. 

Secondly, the availability of more than 
an optimal number of stimuli from pre- 
ceding trials may degrade performance, 
as shown in Exp. II. Results of Exp. III 
demonstrate, however, that this effect is 
probably attributable to limitations im- 
posed on the length of the permissible 
response interval rather than to a percep- 
tual-interference phenomenon brought 
on by an excess of stimulus information. 
When S is allowed unlimited time to 
respond to each stimulus, performance 
improves monotonically over availability 
conditions, at least to the point at which 
eight stimuli from previous trials are 
exposed for inspection. Moreover, as is 
evident in Fig. 3, Ss limited to a 15-sec. 
response interval who took more than 
the median time to respond on each trial 
displayed at Cond. 8 performance which 
was numerically superior to that at Cond. 
4. Thus, it appears that a certain critical 
amount of time may be necessary for 
inspecting and drawing appropriate in- 
ferences from each exposed stimulus and 
that, as the number of available stimuli 
increases, length of response interval 
must increase for maximally efficient 
performance. 

The major role of availability, as ex- 
pected, was in the reduction of M errors, 
Although the number of P-I errors did 
increase in availability conditions beyond 
the optimum, they were reliably less 
frequent than the number of M errors in 
Cond. 0. Hypotheses stated and as- 
sumedly tested by Ss in this group 
clearly indicate that the majority of 
errors were attributable to a failure to 
recall previously displayed information. 
The fact that M errors (Cond. 0) but not 
P-I errors (e.g., Cond. 10) increase with 
increasing numbers of intervening stim- 
uli, i.e., degree of remoteness, suggests an 
underlying short-term interference effect 
similar to retroactive inhibition (Hunt, 
1961). Although plausible, confirmation 
of such interpretation will require other 
investigations in which, for example, 
variables such as stimulus similarity are 
systematically manipulated. 
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The effect of number of relevant at- 
tributes in Exp. I is consistent with the 
earlier findings of Walker and Bourne 
(1961). The procedure of the earlier 
study required S to categorize stimuli 
into two, four, or eight groups represent- 
ing the number of independent con- 
junctive combinations of one, two, or 
three relevant binary dimensions. Ag 
Such, problems were more difficult than 
in the present experiment where § 
needed only to respond to stimuli as 
positive or negative instances with 
respect to one combination of levels (the 
concept) on one, two, or three relevant 
dimensions. The fact that in both 
studies performance was a nonlinear 
function of number of relevant dimen- 


sions attests to the stability and gen- 
erality of this relationship. 
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SERIAL POSITION AND SEQUENTIAL ASSOCIATIONS 
IN SERIAL LEARNING ! 


WILLIAM F. BATTIG,? SAM C. BROWN; anp MARY E. SCHILD 


University of Virginia 


12-item serial lists were compared, with 3 items in either same-adjacent, 
changed-adjacent, or same-nonadjacent serial positions as in a previous 
list, wherein the 3 List 2 cluster items appeared in either beginning 
(2-3-4) or middle (6-7-8) serial positions and were learned to either 1 or3 
correct cluster anticipations (IR-3R).  Nonadjacent ne * 
significantly inferior to both same and changed conditions, w hich 
differed insignificantly. List 2 „performance was better on List J 

iddle than beginning cluster items, but 3R exceeded 1R only in 
Middle Position 8, indicating complex multiple-item associative units to 


develop gradual 
by simple-position 


Serial lists have long been assumed 
to be learned through the formation 
of direct and specific associations of 
€ach item with immediately adjacent 
(Preceding and following) items, d 
that each item (except the first and 
ast) comes to represent both a a 
Sponse to the preceding item imd 
Stimulus for the following item e 
McGeoch & Irion, 1951, p. 90). e 
a “chaining” conception has — 
en seriously questioned due to E 
ack of positive transfer from ies 
Serial learning to paired-associats 
arning of pairs of items which Pe 
8ppeared in adjacent positions DO 
Serial list (Young, 1959, 1961, is 
Song with the findings that » Ln 
Versal of item order in a serial a 
Produces positive transfer only n 
Middle items, where serial or a 
are most similar in the origina E 
p ersed lists (Young, Patterson i 
Benson, 1963), and (b) performance 
S better on individual secon r 
‘tems appearing in the same than 

niebis investigation was ODD STO 


Publi 
te Health Service Researc Health 
fro the National Institute of Mental He: 
© senior author. d. 
ae low at the University of Maryian 
Now at Kansas State University- 


tot 


lv in middle positions, where 
yn and sequential-adjacent as 


nitial items are learned 
ociations. 


different serial positions from those of 
a previous list (Ebenholtz, 1963b; 
Young, 1962). These results have 
been interpreted as more consistent 
with a "position" hypothesis, whereby 
items are associated directly with 
their serial positions in the list rather 
than with cach other. Particularly in 
view of indications that apparent 
differences in shape of the classic 
bowed serial-position curve were an 
artifact of the method of plotting 
these curves, and that this curve is 
invariant in shape over a variety of 
task and procedural conditions (Mc- 
Crary & Hunter, 1953), it has been 
further suggested that this serial- 
position effect reflects the differential 
discriminability of various serial posi- 
tions (Murdock, 1960; Schulz, 1955), 
and is thus entirely consistent with a 
position hypothesis of serial learning. 
Less direct evidence which is also 
more consistent with a position than a 
chaining explanation has come from 
studies of tasks involving significant 
modifications in the classical serial- 
learning procedure, through the use of 
spatial-position cues (Asch, Hay, & 
Diamond, 1960; Ebenholtz, 1963a; 
Voss, 1956) or of paired-associate 
tasks with a constant serial order 
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(Battig, Brown, & Nelson, 1963; 
Brown & Battig, 1962). ; 
However, considerable evidence 


contrary to serial-position associa- 
tions as the principal mechanism of 
serial learning has recently come from 
(a) studies showing near perfect 
positive transfer when sequential or- 
der is maintained but absolute serial 
positions are modifed (Rehula, 1960; 
cited in Underwood, 1963); and (b) 
demonstrations of significant positive 
transfer to paired-associate learning of 
pairs of adjacent items from a previ- 
ous serial list, under conditions of 
strong associative connections be- 
tween adjacent items or of minimal 
intralist associative strength (Horo- 
witz & Izawa, 1963), and also with 
self-paced presentation conditions and 
explicit instructions concerning the 
nature of the relationships between 
the two lists (Jensen, 1962b). Asa 
consequence, dual-process accounts of 
serial learning have also been sug- 
gested, consisting of associations in- 
volving both adjacent items and serial 
positions (e.g., Ebenholtz, 1963b; 
Underwood, 1963; Young, 1962). 
These processes have also been sug- 
gested to be of differential relative 
importance at the ends and in the 
middle of the list, although there has 
been disagreement over whether posi- 
tion associations are relatively more 
involved at the ends (Ebenholtz, 
1963a) or the middle (Young, 1962). 
Still others have invoked additional 
processes representing associations of 
each item with a cluster of several 
preceding items (Horowitz & Izawa, 
1963), the development of integrated 
multiple-item units proceeding from 
the beginning of the list as an "anchor 
point" (Jensen, 1962a), or the use of 
general overall information-processing 
Strategies to determine the order in 
Which items are learned (Feigenbaum 
& Simon, 1962). 


The present. study attempted an 
evaluation of the relative contribution 
to serial learning of some of the afore- 
mentioned processes, through the oe 
of a transfer design wherein pe 
second of two serial lists learned z 
each S included three items from t * 
first list appearing under various col 
ditions in (a) same-adjacent, s 
changed-adjacent, or (c) S ete 
adjacent serial positions. To iie 
mine possible differential involvem sit 
of these various processes 1n diee 
parts of the list and at different eA 
of learning, both level of learning, bd 
position (beginning or middle) © ihe 
critical second-list items within ti- 
first list were also varied qu 
cally. Groups with clusters of t in 
adjacent first-list items appearing c 
identical second lists in the pod 
changed serial positions could t 
be compared with each other, 25, ga 
as with groups with isolated iod E 
first-list items appearing in the, ^ in 
serial positions as in the first lis m. 
order to evaluate the relative ! n- 
portance in serial learning of seque it 
tial associations between adjace 
items, associations with serial DOS 
tions, and of more complex highe 
order learning processes. 


METHOD 


" re- 
Materials —Six 12-item serial pA 
sented in Table 1, were constructed ide anc 
bigrams of minimal frequency of usag pulz 
associative strength (Underwood & ts 
1960). Two were learned as first " items 
and 1B), both consisting of the same RE 
in different serial orders. The Tem. item 
items, along with 3 of the List 1 E 
constituted each of the four lists V 
second lists. Interitem similarity Lp 
mized by using no letter more than 9» i 
the first and second letter, while 455077 cp 
strength between the second letter O 
item and the first letter of the folle 
was kept uniformly low and approx 
equal across lists. ups 
Design.—As shown in Table 2, 12 ae of 
of 8 Ss each were differentiated in t€ e first 
the particular set of lists learned as t 


sed *. 
mint 


ce as 


ite 
g tely 
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and second lists, and criterion of List 1 
learning. Each of the two first lists was 
learned to a criterion of either one or three 
consecutive correct anticipations of the entire 
cluster of three items (CN-PD-WG) appearing in 
Adjacent Serial Positions 2-3-4 in List 1A and 
6-7-8 in List 1B. The resulting four condi- 
tions on List 1 were each further subdivided 
into three conditions differing as to relative 
Serial positions of the three common items 
in the two lists. Under the same condition, 
Cluster Items CN-PD-WG appeared in the some 
serial positions in List 2 as in List 1. U nder 
the changed condition, these cluster items 
appeared in different adjacent positions in the 
two lists (e.g., items in Positions 2-3-4 w 
List 1A were shifted to Positions 6-7-8, anc 
Items 6-7-8 in List 1B were shifted te er 
tions 2-3-4, by pairing List 1A with 2B, an 
1B with 2A). The third nonadjacent conil 
tion provided that List 1 Items 3, 7, a be 
appeared also in these same positions AGE: TA 
Which was accomplished by pairing “IS e 
Vith 2C, and 1B with 2D. The puse 
design thus becomes a complete ? a 1B) 
factorial, with two first lists (1A an i es 
two List 1 learning criteria (one or o 
Consecutive correct cluster enu De 
designated as 1R and 3R), and three re s je 
Ships (same, changed, and nonadjacen Momo 
tween serial positions of the three 
Common to both lists. 
Subjects—Each of 96 1 
affiliates of the University © 


paid students or 
f Virginia serve 


t Ss 
Or a single session of 1 hr. or less. Lai 
Ad previous experience in one a ad 
Verbal-learning experiments, Bus n" to tliose 
"sed materials or procedures similar 
TABLE 1 
UPS 
SERIAL Lisrs Usen ron VARIOUS GROUPS 
EI A 
First Lists Second Lists 
Position j ee RR 
2D 
RESET E SE ss 
OY u | VL 
1 Lo | pz | RH | VE is BT 
2 on | np | CN |BT | 55 |xx 
3 PD | Kx | PD ZF vL |ZF 
4 we | uc | we | XM | Po | xw 
3 Ej |Lo [JS | RU | oe |mH 
6 nz |en | V. | oN | oy | pp 
7 xx | pp | BT | P| E | ss 
8 |ne | wo] zr | W$ |o | op 
9 Hc | ey |XM|J$ | Gy | ev 
10 | ev | ev | oF | 22 | Ys | vn 
11 SR |sR |YB | YE | ox | FK 
12 IW | Iw | FK | FF 


i -2 in bold-face 
typsote.—Items common to Lists ! 


TABLE 2 
Lists LEARNED BY EACH GROUP 


List 2 Cond. 
List 1 Cond. 
Same Changed | Nonadjacent 
Beginning 
IR 1A-2A 1A-2B 1A-2C 
3R 1A-2A 1A-2B 1A-2C 
Middle 
IR 1B-2B 1B-2A 1B-2D 
3R 1B-2B 1B-2A 1B-2D 


of the present study. A previously deter- 
mined unsystematic sequence based on order 
of appearance in the laboratory was used to 
assign Ss to the two first lists. However, 
within each List 1 condition, assignment of 
Ss to 1R-3R or same-changed-nonadjacent 
groups was determined by number of trials to 
one correct cluster anticipation, so as to equate 
these in initial learning ability. Fulfilment of 
these matching procedures required the elimi- 
nation of two additional Ss, whereas three Ss 
were discarded for failure to follow instruc- 
tions or refusal or inability to learn List 1 to 
criterion. 

Procedure.—All lists were presented by 
standard memory-drum anticipation pro- 
cedure, with a 2-sec. presentation rate and a 
4-sec. intertrial interval. All Ss were required 
to spell their responses. During a 1-min. 
break following achievement of the List 1 
learning criterion, Ss were told that a new list 
would be presented which might include some 
items from List 1. Learning of List 2 was 
then carried out to a criterion of two succes- 
sive errorless trials.* 


RESULTS 


List 1 performance.—Analyses of 
variance revealed, as expected, that 
significantly more total correct re- 
sponses, trials to criterion, and maxi- 
mum correct responses on a single 
trial were required to reach the List 1 
criterion by 3R than 1R groups, and 
by List 1 middle than beginning 
groups (all p's < .025). However, 

4 Three Ss (each in a different group) 
failed to reach criterion on List 2. For these 
Ss, performance measures were based on 71 


trials, the minimum completed by all three 


prior to termination of the session. 


452 W. F. BATTIG, S. C. BROWN, AND M. E. SCHILD 


List 2 same-different-nonadjacent 
groups did not differ significantly in 
any List 1 performance measure (all 
p's > .05). Significantly more correct 
responses on the three critical cluster 
items were made by the combined 
3R than 1R groups (p < .001), but 
neither the difference between List 1 
beginning-middle conditions nor List 2 
same-different-nonadjacent conditions 
approached significance for this meas- 
ure (all p's > .10). It can thus 
be concluded that the groups were 
both appropriately differentiated and 
matched with respect to subsequent 
List 2 comparisons, and that List 1 
cluster items appearing also in List 2 
had not been learned to different 
degrees by List 1 beginning and 
middle groups. 

List 2 total berformance.—Signifi- 
cantly more mean total errors on List 
2 were made under the nonadjacent 
conditions (162.3) than under same 
(99.1) or changed (118.7) conditions, 
F (1,84) = 842, px 005, but the 
same and changed conditions did not 
differ significantly (F < 1). Although 
neither List 1 criterion (1R vs. 3R) 
nor List 1 cluster position (beginning 
vs. middle) produced significant over- 
all effects on List 2 total errors, both 
the 1R-beginning (169.2) and 3R- 
middle (132.3) groups made more 
errors than the 3R-beginning (105.0) 
and 1 R-middle (100.3) groups, leading 
to a significant interaction between 
List 1 criterion and cluster position, 
F (1,84) = 7.67, p < 01. Since the 
SR-middle groups had the most and 
the 1R-beginning groups the least 
practice on List 1, this finding in- 
dicates a nonmonotonic relationship 
of List 1 practice to overall List 2 
performance, such that intermediate 
amounts of List 1 practice led to 
optimal List 2 performance. Neither 
List 2 cluster position nor any inter- 
action approached significance in this 


analysis (all Fs < 1). Further D 
analysis revealed most of these (8396 
to be omission errors for all groups, 
and showed no systematic or signifi- 
cant differences between groups rn 
number or proportion of ere 
errors from cither List 1 or 2, or 1 
overt errors from neither list. " 
List 2 cluster performance.—Ol Ps 
mary interest in this experiment om 
comparisons between groups pce 
tive performance in those e ere 
positions containing items whic a 3 
also appeared in List 1. Du i 
marked individual differences pie 
groups, along with the Samael 
described significant group du roe 
in overall List 2 performance, t 
comparisons were based on ae a 
centage of total List 2 errors mac pe 
items appearing in the cluster P e 
tions. This percent error mee 
was calculated separately for © all 
cluster position for each S ^li Ss 
groups. Also determined for à zi 
in the same and changed groups Yay 
two additional measures more direc a 
reflecting initial List 2 performant, 
designated as before errors (number 3 
errors or trials prior to the first came 
response to each cluster item), ?' 
rank scores (number of other La 
items responded to correctly on on 
more trials prior to the first Cor" 
response to each cluster item). er 
Presented in Fig. 1 are mean a 
cent errors for each of the three A 
positions for both 1R and 3R crite 


em an 
groups within both the an pre- 
changed conditions. Figure ition 


sents results for Beginning Po eas 
2-3-4, based on List 2A, whereas "(List 
ures for Middle Positions rs ded 
2B) appear in Fig. 1B. Also inc ga 4 
in each figure for comparison purP 

are the percent error measures jon" 
the appropriate combined 1 R-3R ! ec’ 
adjacent conditions, based, r€5P7 4 
tively, on Beginning Positions 
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6 1 8 
MIDDLE 


CLUSTER POSITION 


Fic. 1. Mean percent errors for List 2 beginning (A) and middle (B) 
IG. l.. : cluster positions for each group. 


from List 1C (Fig. 1A) and Middle 
Positions 6-7-8 from List 1D (Fig. 1B). 

As shown in Fig. 1A, both same and 
Changed conditions produced pd 
tently fewer percent errors in es 
eginning cluster positions pecie 
the nonadjacent condition. Ana es r 
of variance revealed the paperan 
Over the nonadjacent condition wb 
Significant both for same and bau 
Conditions, Fs (1, 42) = 13.47 am 
34.61, p's < 001, and also showed 
Significantly fewer percent errors 
der the changed than the same sooo 
Wow Ges 6.00, pi <05); Howavmi 
the slight overall superiority i ant 
Over IR groups was nonsigni mis 
Fe 1), although within the SR 
Condition the difference in — nt 
over IR performance was sign! xa 
(P s 4.63, p < .05), leading yin 

Dear-significant 1R-3R X ion 

'anged-Nonadjacent x ote d 
P (2,42) = 2.96, p < .10. Extender 
trenq analysis of variance shawed be l- 
Significant overall lincar and Er 
ratie components, Fs (1, 42) = the 
and 7.97, p's « gi, reflecting th 
Positively accelerated increase ds Sit 
"rs over the three serial position 


clearly displayed in Fig. 1A. How- 
ever, none of the Group x Position 
interactions, nor any orthogonal com- 
ponents thereof, approached signifi- 
cance (all Fs < 1.35, p.25) Simi- 
lar analyses of the before-errors and 
rank-score measures revealed virtually 
identical pictures, except that the 
overall superiority of changed over 
same conditions was nonsignificant 
for both measures, Fs (1, 28) = 1.58 
and 2.38, p’s > .10. 

As shown in Fig. 1B, relative per- 
formance by middle cluster groups in 
Positions 6-7-8 produced a quite 
different and more complicated pic- 
ture. Again the same condition led to 
significantly fewer percent errors than 
the nonadjacent condition, F (1, 42) 
= 11.88, p < .005, but both the slight 
difference in favor of the changed over 
the nonadjacent condition (F — 2.64, 
p > .10) and the superiority of same 
over changed conditions (F — 3.32, 
p < 0) were nonsignificant. _ This 
latter difference, however, was signifi- 
cant for before errors (F = 5.07, 
p < .05) although not for rank scores 
(F = p > 10). While ex- 
tended-trend analysis showed no sig- 
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nificant overall differences between 
the three cluster positions nor any 
Same-Changed-Nonadjacent X Posi- 
tions interaction (all Fs « 1), both 
the overall 1R-3R X Positions inter- 
action, F (2, 84) = 4.79, p = .01, and 
the linear component thereof, F (1,42) 
= 5.60, p < .025, were significant. 
As shown in Fig. 1B, this interaction 
reflects primarily the marked superi- 
ority in Position 8 for both same and 
changed 3R groups as compared with 
the 1R groups, resulting further in a 
highly significant linear component 
(F = 8.70, p = .005) and also a 
significant quadratic component (F 
= 5.28, p = .025) of the Same- 
Changed Positions interaction. The 
improvement over positions for 3R 
groups, as contrasted with the 1R dec- 
rement, led also to significant linear 
components of the 1R-3R x Positions 
interactions for both before errors 
(F = 11.70, p < .005) and rank scores 
(F = 9.64, p < .005), although for nei- 
ther measure did the quadratic com- 
ponent approach significance (both 
Fs < 1). 

The opposite direction of the same- 
changed comparisons for beginning 
and middle positions is indicative of 
consistently better List 2 performance 
on items from the middle rather than 
the beginning of List 1, irrespective 
of whether these appeared in the same 
or changed positions in List 2. This 
difference was corroborated by an 
analysis of variance including both 
beginning and middle List 2 groups, 
which indicated a significant superi- 
ority of List 1 middle over beginning 
conditions in cluster performance, 
both for percent cluster errors, 
F (1, 60) = 6.30, p < .025, and be- 
fore errors (F = 6.58, p < .025), al- 
though not for rank scores (F = 3.90, 
p < 10). 

Nonadjacent comparisons.—Figure 1 
offers little evidence that nonadjacent 
performance was better on the middle 
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cluster item, which appeared in the 
same position as in List b than on the 
preceding and following "cluster 
items not included in List 1. Analyses 
presented in the preceding aam 
revealed no significant differences E 
shape between these nonadjacent 
curves and the combined e 
changed curves, either for begion mg 
or middle cluster conditions. i 
wise, separate analyses of variance c; 
the nonadjacent conditions showed Re 
significant differences in percent o 
between the position containing ic 
List 1 item and the preceding Lem 
following positions. Only the agen 
line significance of the quadrate g T 
ponent, F (1, 28) = 4.57, p < 0», im 
the beginning-position rae tee 
Fig. 1A is suggestive of any facilitara 
effect of including in List 2 a sg 
item in the same position as 1n Le 
and even this finding must be ble 
counted in view of the compar? ed 
shape of the various same and cin 
curves in Fig. 1A. Similar ges. 
sons between Positions 9-10-11, W A 
contained the same three items (or 
GV-YB) for all nonadjacent gnam 
showed that more errors were actu? PA 
made on the List 1 item (GV) appe? 
ing in Position 10 (18.9) than ead 
either the immediately prece 
(15.3) or following (16.4) item. 
List 1-2 comparisons.—The 

similarity and lack of significan 
ferences in shape between th 
and changed curves, as show? ! 
1, indicate differences betwee” gin 
List 1 beginning and middle prO ee 
relative degree of learning of the ino 
cluster items to have played à ™" g 
role, if any, in List 2 performance. 
these items. Nonetheless, in wa 
tempt to adjust for possible differe ual 
between performance in indiv! 7 
cluster positions, the difference ch 
tween percent errors made on 
List 2 cluster item, and the P€ 
errors made on the item appear!” 


rcen 
12 


7 
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that same serial position in List 1, was 
calculated for each S. The validity 
of this comparison is suspect due to 
the lesser learning criteria required 
for List 1 than List 2, leading to a 
general overestimate of List 1 percent 
errors for beginning positions and 
à compensating underestimate for 
middle positions, as compared with 
List2. However, despite these limita- 
tions, analyses of variance on these 
difference scores generally supported 
the findings of the List 2 cluster com- 
Parisons. Likewise, a separate anal- 
Ysis based on difference scores for the 
three List 1 items (3-7-10) in the non- 
adjacent condition revealed no sig- 
nificant List 1-2 differences in percent 
errors for any of the three positions. 
Noncluster performance.—AS ex- 
Pected, significantly fewer percent es 
rors per item were made by List 
beginning (2.7) than middle (8. ) 
Conditions in Positions 2-3-4, as we 
as by middle (7.1) than bans 
12.1) conditions in Positions 6-7- 
(all Fs > 22.4, p's < 001). Separate 
Analyses of percent errors made by t F 
Various groups were also perfor me 
Or Position 1, Position 5, and the e 
Our positions (9-12). No significant 
Sroup differences were found in Post 
tion 1 performance (F < D» but E 
nificantly fewer percent errors wer 
Made in Position 5 by List 2 errem 
(7.9) than middle (10.5) C 
Broups, F (1, 84) = 829, P < 01 "Y 


co 'roups nade 
ntra i ster gt p H 

st le clu 
- , midd 5 er 


inning cluster 


: | ot, F 
Soups (11.3) in Positions Oo ch 


onsistently 


(40.9) _grour 
P (2,84) = 3,33, p < 05, due to € 


marked improvement in performance 
by these latter groups in their re- 
spective cluster positions and conse- 
quent relative increment in percent 
errors in the final noncluster positions. 
Neither List 1 cluster position nor 
1R-3R criterion had any significant 
effect, either alone or in interaction, 
on relative performance in any of the 
noncluster positions. 


DISCUSSION 


The present finding of a consistent 
intracluster improvement in performance 
only across middle cluster positions, and 
only under 3R conditions, clearly in- 
dicates different learning processes to be 
involved at the beginning and middle of 
a serial list, and further suggests these 
processes to change systematically with 
practice. More specifically, it would 
appear that Ss initially attempt to 
identify and learn the first item(s) in the 
list, by associating these items with 
either or both immediately adjacent 
items or serial positions. As learning 
proceeds toward the middle of the list, 
however, progressive increases in intra- 
list interference render either simple- 
adjacent or position associations in- 
creasingly inadequate, and lead to the 
gradual development of stronger and 
more complex multiple-item associative 
units, whereby each item is associated 
with a complex of cues including several 
preceding items.* In addition to more 
successfully resisting sources of intralist 
interference, these complex associative 
networks also become less dependent 
upon the maintenance of the context of 
the entire original list and are thus better 
able to withstand a shift to new lists or 
serial positions, as indicated by the con- 


5 Processes of learning the end of a serial 
list will be omitted from the present discus- 
sion, since these were not directly investigated 
However, in line with a suggestion by 


here. 
Peterson, Brewer, and Bertucco (1963), 
subsequent research in this laboratory 


"idence for an 
Mathews, 1963) offers evi } 

pesce process at the end of the list, such 
that Ss learn to respond within each trial only 
with items which have not appeared previ- 


ously in the list. 
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sistent superiority of List 2 performance 
on List 1 middle over beginning cluster 
items, even though these items did not 
differ in number of actual List 1 correct 
responses. 

To the extent that different learning 
processes become involved in various 
parts of a serial list, it necessarily follows 
that items must somehow become local- 
ized and associated at least with their 
general location in the list. However, 
the present results are uniformly negative 
with regard to associations of individual 
items with specific serial positions as a 
principal mechanism of serial learning. 
The absence of any List 2 facilitation on 
the three items appearing in nonadjacent 
serial positions identical to their List 1 
positions, despite Ss' prior familiarization 
with these items, not only argues 
strongly against specific position associa- 
tions, but also mitigates what otherwise 
might have been a serious flaw in the 
present design, its omission of control 
conditions with no List 1 items included 
in List 2. Such a control condition is 
thus provided by the nonadjacent groups, 
which serve also to control for relevance 
of prior List 1 learning since List 2 con- 
tained three List 1 items for all groups. 

Also contrary to position associations 
is the present failure to find significant 
interfering effects under changed condi- 
tions, which instead (a) were consis- 
tently superior to nonadjacent condi- 
tions, (b) differed insignificantly from 
same conditions in overall performance, 
and (c) were actually significantly su- 
perior to same conditions in beginning 
cluster positions. Only the slight superi- 
ority of same over changed conditions in 
middle positions (Fig. 1B), which was 
significant only for before errors, 
gestive of any decremental 
Changed serial positions in Li 
this may well reflect only the co 
greater facilitation of L 
for List 1 middle than 
Items. 


is sug- 
effects of 
st 2, and 
nsistently 
ist 2 performance 
beginning cluster 


The traditional chaining explanation, 
in terms of direct sequential associations 
between adjacent items, is 
consistent with the lack of inte 


Under changed conditions. 
however, 


entirely 
rference 


It cannot, 
readily handle the obtained 
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intracluster effects, nor the differences 
between these for beginning and aes 
positions. A chaining hypothes eoe 
predict better performance on the e 
cluster item, for which both immediate y 
preceding and following items " ved 
identical to List 1, than on the first A 
third cluster items, for which the bar id 
ing and following items, EET 
were changed, Not only does Fig. ees 
to display such intracluster merken 
but performance was also significar n- 
facilitated on immediately fo Naa a ae 
cluster items, both in Position > idle 
beginning and Positions 9-12 for d 
cluster conditions. This gu 
generalization effect further done 
serial learning to involve primarily aii 
directional forward associations, he 
according to the present analysis f ins 
be attributed to the presence © s50- 
mediately preceding multiple-item enn 
ciative units, into which the subsequ 
noncluster items can be incorporate only 
Among the present findings. ation 
the failure to find greater. facilite 
across beginning cluster positions apo 
3R than 1R changed conditions (as. for 
evident in middle cluster positions d 
both same and changed conditions os: 
pears at all inconsistent with the pé 
posed multiprocess account. It 15 S. a 
unlikely, however, that these beginninf 
changed groups attempted to utilize rn- 
hypothesized simpler processes of pei 
ing List 2 beginning items, which pon 
to be less adequate for Position 4 thus 
for the two preceding positions, and a 
obscured any intracluster differen" 
between 1R and 3R conditions. 
According to the present account, o 
relative involvement and complex 
multiple-item associative units $5 ey 
increase systematically with list diffic is 
or other conditions conducive to deer 
interference. Consequently, with "n 
lists or conditions than those O í 
present study, simple adjacent Or 
tion associations alone may be suf! 
to learn the list. In this connection» 
is noteworthy that previous evidence ie 
position associations has been obtat u 
predominantly with highly meaning y 
items (Young, 1959, 1961, 1962) oF Yon 
Shorter lists and slower presenta 


the 
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rates (Ebenholtz, 1963a, 1963b). In 
contrast, previous studies with longer 
lists and high-interitem associative 
Strength (Horowitz & Izawa, 1963) or 
low-item meaningfulness (Underwood, 
1963) have yielded little evidence for 
Position associations, in agreement with 
the present results. Also consistent with 
implications of the present analysis are 
Ebenholtz’ (1963b) finding that position 
associations are more important at the 
ends than the middle of the list, and the 
demonstration by Young et al. (1963) of 
Ereater positive transfer at the middle 
than at the ends of a reversed serial list. 

Besides its consistency with a variety 
of previous results, the present interpre- 
tation has much in common with ac- 
Counts offered previously by Jensen 
(1962a) and others. It is distinguished 
Principally by its attempted specification 
9f the relative contributions of various 
hypothesized mechanisms of serial learn- 
ing as a function of position 1n the list; 
level of practice, and various task an 
Procedural factors. Future research pos 
thus profitably be directed teet, x 
Urther specification of the nature o t " 
Suggested multiple-item associative m 
Works and of the factors relevant 
their development. 
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ASSIMILATION AND CONTRAST IN THE 
ESTIMATION OF NUMBER! 


WILLIAM BEVAN axp EDWARD D. TURNER 


Kansas State University 


. : a grav 
Independent groups were presented random scatters of dots on a gray 


field and asked to estimate the number in each. 


The experimental 


conditions consisted of surrounding each scatter with either a large or 
small frame and giving instructions intended to identify scatter and 
frame together as focal stimuli or to segregate them, one as figure, the 
other as part of the background. Under the "figure" condition the 
frames were found to exert an assimilative effect upon the judgment of 
the dots. Under the "ground" condition the opposite was found to be 


the case. 1 
not found to influence judgment. 


The commonly observed result of 
introducing an anchor stimulus into a 
judgmental sequence is the contrast 
effect, i.e., the shift of the judgmental 
responses away from the anchor 
magnitude. Thus, if the anchor lies 
above the series, the judgments are 
shifted downward. Recently, Sherif, 
Taub, and Hovland (1958) have in- 
dicated that the opposite, which they 
term assimilation, may also occur. 
This has been confirmed by Parducci 
and Marshall (1962). According to 
Sherif and Hovland (1961, p. 49), 
assimilation is less marked than con- 
trast and results from anchors within 
or near the series, while contrast is 
produced by more distant anchors. 

The present experiment seeks to 
explore the underlying mechanisms 
that prompt contrast, on the one 
hand, and assimilation, on the other. 
A ready suggestion comes from Gestalt 
psychology and relates to the manner 
in which the judge organizes the per- 
ceptual field. In the experimental 
situation most frequently employed 
in anchor studies, the judge may be 
expected to conceptualize the stimuli, 


l'This experiment was performed under 
Contract Nonr-3634(01) between the Physio- 
logical Psychology Branch, Office of Naval 
Research and Kansas State University. 


The colors of dots and frames relative to the overall field were 


both series and anchor, as distributes 
along a single judged dimension. zl 
other differences controlled or vie iz- 
asirrelevant. Certain of the et 
ing principles, which describe re epe. 
ships among spatial arrays of em 
also may be extended perm 
characterize the conceptual re 
ships just mentioned. Thus ~ 
and Hovland's hypothesis conce aries 
the separation of anchor an Í the 
may be considered in terms ° and 
Principle of Proximity and Beva” tion 
Pritchard’s (1963) recent observ or 
that marked changes in the aolo 
size of an anchor-designate for A : 
resulted in a complete los$ cht 
anchor properties may be oy zi 
in terms of the Principle of Sim! ie 

There are, of course, situation’ the 
studying anchor effects in whic ear 
properties of spatial arrays dy of 
assume significance. The Stu? a 
the estimation of number prov! com 
convenient example. Here ie enta” 
mon procedure involves the Prt dots 
tion for judgment of scatters O asts ? 
This situation, moreover, eis ig^ 
conceptual similarity of poss! simi 
nificance between contrast and 25 è of 
lation and the Gestalt princiP rjg- 
figure-ground field articulation: gm” 
ure and ground are opposite a” 
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plementary effects. Contrast and 
assimilation are opposite effects which 
also may be complementary. If the 
anchor-designate is identified, along 
with the series stimuli, as a focal 
stimulus ("figure"), internal articula- 
tion should be reduced and assimila- 
tion should occur. If, however, the 
anchor-designate is differentiated from 
the series as a contextual stimulus 
(“ground”), contrast should occur. 
This experiment extends an earlier 
experiment by Bevan, Maier, and 
Helson (1963) in which Ss judged the 
number of beans in a series of large or 
small jars under instructions designed 
either to identify beans and jars as 
unitary wholes (“figure” instructions) 
or to emphasize their separate lien i- 
ties (“ground” instructions). b od 
"figure" instructions, estimates of the 
numbers of beans in large Jars CX 
Ceeded those of the same actual count 
when in small jars (assimilation p 
No contrast effect was in. ee 
Under the condition of "groun 
Instructions. 3 
The materials of the Bevan; we 
and Helson experiment, however, Oo 
"Ot readily allow for the collecti à 
9f control data from which to asses 
directly the occurrence of assimilation 


BOUE e COD 
Or contrast. In addition, 1 ^: more 
Ceivab - such effects ar 

le that su more ab- 


easi] strable with EL 
stract fos erential simpler ied 
Uli. "Therefore, in the present apr 
ment, Ss were presented me ld 
arrays of dots on a homogeneous 1€ 
t was assumed, further™ 


ore, that any 
— 
Stimulus that may be related co! 


Ce = auli to be judged 
Ptually to the stimuli Codes. Since 


m, . 
Oe Gee jp tal in this task 
"épresented a spatial array, E T 
Peared appropriate to employ 2 es r- 
at enclosed the array aS meee 
*signate, 


It was clear that assimilation and 
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contrast effects should be opposite in 
kind. At the same time it remained a 
problem to anticipate what the nature 
of these effects would be under the 
present experimental conditions. It 
seemed reasonable to assume that if 
the total area encompassed by the 
frame relative to that of the scatter 
was large (i.e., the inside dimensions 
of the frame and the perimeter of the 
scatter were separated clearly and to 
some substantial degree) and if the 
field was organized so as to establish 
the structural unity of scatter-frame, 
the “gap” between the scatter and the 
judgmental referent (the frame) would 
be reduced by an enhancement of the 
apparent area of the scatter. If, how- 
ever, the field was organized so as to 
emphasize the separate identities of 
the scatter and frame, differentiation 
would produce enhancement of the 
"gap" between the scatter and the 
anchor with a reduction in the ap- 
parent area of the scatter. On the 
other hand, if the total area encom- 
passed by the frame relative to that 
of the scatter was small (i.e., the in- 
side dimensions of the frame were 
coincident with or in close proximity 
to the perimeter of the scatter), it was 
conceivable that the judge would 
categorize the frame as small and 
under "figure" instructions the effect 
would be one of general compression 
in areal scatter. If, however, the 
complementarity of scatter and frame- 
anchor were stressed, there would be a 
tendency to compensate for the com- 
pression by an overestimate of scatter 
area. Lo e 
Accordingly, two sets of intuitive 
hypotheses were formulated : (a) If 
the frame were large relative to the 
area of the array and if it were 
identified by instructions as part of 
the focal stimulus, then the estimates 
er obtained under this condi- 


nb 
of nui Id exceed those of the control 


tion wou 


460 


condition, when no frame was present. 
If, however, the frame were differ- 
entiated from the array as part of the 
background, the estimates of number 
would be less than those obtained 
without the frame present. (b) If the 
frame were small (only slightly larger 
than the area of the array), the op- 
posite set of relationships would 
obtain among the estimates for the 
several conditions. 


METHOD 


Experimental design.—The experimental 
design was a 2 X 2 X 2 factorial involving 
instructions (figure vs. ground), frame size 
(large vs. small), and color of dots and frame 
(black vs. white on a medium-gray field). 
This was supplemented by two control groups 
(black dots vs. white dots, both run without 
frame or differentiated instructions) to pro- 
vide baseline data, 

Subjects.—One hundred fifty students in 
introductory psychology were divided ran- 
domly into 10 equal-sized groups. There was 
approximately the same number of male and 
female Ss in each. Five groups judged white 
on gray; five black on gray. 

Stimulus materials —The psychophysical 
series consisted of five random arrays con- 
taining 21, 42, 84, 168, and 336 dots, re- 
spectively. Each was arranged at the center 
of a large (22 X 28 in.) gray (Munsell No. 7) 
poster board so as to demarcate roughly a 
square 9 X 9 in. The dots were .25 in. in 
diameter, made either of black or white con- 
struction paper. For the conditions involving 
frames, squares were added in matching color. 
The large frame was 20 X 20 in. inside 
dimensions, with segments 2 in. thick. The 


small frame was 10 X 10 in. with sides 1 in. 
thick. 


Procedure.—The Ss w 


of 15. The controls wi 
structions: 


ere tested in groups 
ere given these in- 


This is an experiment in the estimation of 
number. I am about to show you a series 
of gray cards on which are random scatters 
of dots. When I place each card before you, 
I want you to write down on the answer 
Sheet I have just given you the number of 
dots you think is on that card. Do not 
count or otherwise try to calculate, but give 
me your first impression. 
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In the groups receiving frame as focal stimulus, 
the following was added: 

You will note that the random sere 
is bounded by a thick frame, setting Ue 
whole arrangement off from the gray uem 
ground as a single unit. It is importa : 
that you recognize that dots and frame £g 
together in a unitary pattern. 


ame as conlext 
Those being presented the frame as c 


received these added instructions: " 
You will note that the random genie 
bounded by a thick frame. It arg aie 
natural for you to think of dots and cai 
as one, but remember they Sue, Sur b the 
We are interested in your estimates Sadkte 
dots. The frame is just part of the be 
ground. 
in 
Next, the Rubin goblet figure was ien 
to the "frame" groups and the ane ied. 
between figure and ground briefly amp! each 


the 
, it 
When the series was completec à 
was repeated twice again and the 
the three estimates for each stimulus 
was taken as the value to be used in 
analysis. 


RESULTS AND DiscussION 


t are 


The data of this experimen a 


graphically presented in Fig. 1. , d 
spection of the control data, d. 
for the series on the homogeneot” 
gray ground, indicates a general End 
ency toward underestimation, ec 
if indeed present, for the 21-dot ^ for 
and increasing until quite marke yit 
the 336-dot array. This is in line 
the earlier data of Bevan, Maier, er- 
Helson, who found a decided u” iB: 
estimation under all their conditi? ha 

Figure 1 also clearly indicates have 
the hypotheses advanced above tion: 
been confirmed without excep adi- 
The slopes for all experimental C? hat 
tions are clearly different from ^... 
for the control. When NS os ree 
structions were used with the S - 
frame, the estimates tended incre 
ingly to be overestimated relative " 
the control. When they were 
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ployed with the small frame, the 
estimates tended increasingly toward 
underestimation. Meanwhile, for 
“ground” instructions, these relation- 
ships are reversed. With the large 
frame, they produced underestima- 
tions relative to the control and, 
with the small frame, overestimations. 
Figure instructions thus produced 
assimilation effects; ground instruc- 
tions, contrast effects. (It is interest- 
ing to note that these effects were 
greatest for the arrays containing the 
greater number of dots, where the 
&reatest inaccuracy in judgment also 
is found, while little change occurred 
at the lower end of the series where 
judgments are most accurate.) These 
results were statistically verified 
Y a highly significant. Instructions 
X Frame Size interaction, F (1, 112) 
= 18.02, p < .005, for the four ex- 
Perimental conditions. 
It is furthermore apparent from 
Fig. 1 that frame as focal stimulus 
xerted a greater effect upon judgment 
than frame as context. This 1s 1" 
Agreement with the earlier data of 
Sevan, Maier, and Helson but inco?" 
Sistent with Sherif and Hovland's 
1961) interpretation of assimilation 
and contrast which implies that 
Contrast necessarily must be the more 
Potent process. c 
_ Finally, inspection of Fig- 
8ests that the large frame 


1 sug- 
exerted 


: t 

í Stronger influence upon i aed 
an did t This is anato; 

d the small. ociated 


$i the differential effect ass 
UR anchors near and more 
?m the series. 


i Sherif and Hovland (1961, PP: io 
ty tify the functional differences vitl 
peen assimilation and contrast "For 
" erences in judgmental antuce: simi- 
lane assimilation implies ae the 
Sti between related aspects | nplies 
mulus situation, while contrast Imp. 


Perceived differences, This can be effect- 


distant 
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Fic. 1. Estimations of the number of dots 


in a series of random arrays, when bordered 
by large or small frames, and when made 
under instructions which emphasized the 
integral relationship between scatter and 
frame ("figure" instructions) or their distinct- 
ness ("ground" instructions). (C represents 
the control—without frame—condition. The 
curves marked F represent the conditions 
when "figure" instructions were used; those 
marked G the “ground” conditions.) 


ively illustrated by comparing attitude- 
scale values assigned to items relating to 
certain social issues when the content of 
these items is identified by the judge, on 
the one hand, with his own position and, 
on the other, with that of an out-group. 
However, it need not be assumed that the 
perception of similarities and of differ- 
ences are necessarily mutually exclusive 
processes, that they are phenomenal 
polar-opposites, or that they are inde- 
pendent cognitive events. At the same 
time, one may interpret the operations of 
the present experiment, designed to effect 
differences in organization of the percep- 
tual field, also as devices for emphasizing 
similarity on the one hand and difference 
on the other. Meanwhile, Hovland and 
Sherif, by equating similarity with di- 
mensional proximity, have been logically 
forced to the prediction that contrast 
effects are necessarily stronger than 


assimilation effects. 
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Similarly, Parducci and Marshall 
(1962), in their elaboration of the Sherif, 
Taub, and Hovland (1958) study, em- 
phasized the importance of the judge's 
understanding of the rules of judgment. 
According to this view, in an unanchored 
series or a series with the anchor suff- 
ciently remote, the implicit rules of 
judgment place the standard near the 
midpoint of the series. When, however, 
the anchor is placed within or in juxta- 
Position to the series, E has created a 
rule of judgment which identifies anchor 
as standard and assimilation and contrast 
become interpretable within the context 
of adaptation-level theory, as comple- 
mentary phenomena. In the present 
situation, the rule becomes one, depend- 
ing upon instructions, that emphasizes 
either a similarity or a difference between 
series and frame anchor. 

The color of the figures (black vs, 
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white) had no detectable effect upon 
judgment, F (1, 112) = .439, p > .05. 
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OVERLEARNING-EXTINCTION EFFECT AS AN 
INCENTIVE PHENOMENON ! 


JOHN THEIOS anp JOHN BRELSFORD 


University of Texas 


3 groups of 12 rats each were trained and extinguished in a runway. 
Group 10-10 received 10 rewarded training trials. Group 60-60 


received 60 rewarded training trials. 


Group 10-60 received 10 training 


trials and 60 rewards. An overlearning effect in extinction was found 
only when the groups differed in number of rewards. Group 10-10 was 
more resistant to extinction than Group 60-60, but Group 60-60 was 
more resistant than Group 10-60. The data suggest that the aver 
learning effect is a result of the operation of incentive motivation. 


Ison (1962) has published runway 
data in which resistance to extinction 
iS a strict monotone decreasing func- 
tion of number of rewarded training 
trials. On the surface, „these data 
Seem preposterous in light of all 
extant theories of learning. Ison 
(1962) suggests that his runway A 
are analogous to results on reversa 
earning following overlearning 1n à 
Choice or discrimination iere 

he typical overlearning effect 1s a 

S who receive an extended period Pi 
Original training learn to reverse pes 
Choice behavior faster than Ss = 
“re trained only to a criterion e 
Son, & Sperling, 1960; Case B 
evenson, 1957; Pubols, 1956; RAC» 
53). It should be mentioned tha 


in all the studies cited above, Ea 
reward was of an appetitive nature; 
Le, 

» food, 1 effect 


he term overlearning-reversa ies of 
"AS been used to describe rest aa 
choice experiments in which Ss me 
(à criterion take longer to pane 
their choice behavior than Ss W ae 
raining is continued after, the a 
“tion is reached. In a similar ma n 
net, the term overlearning-extinclien 
Pect will be used in this paper 
d in part 
h Grant 
titute of 


! This investigation was supporte 
MH ublic Health Service Researc 
-07471-01 from the National Ins 


Mental Health, Public Health Service- 


describe results of runway experiments 
such as Ison’s (1962) in which Ss 
given a large number of training trials 
extinguish faster than Ss given a 
smaller number of trials. 

The overlearning paradox vanishes 
when one grasps a single point, 
namely, that the effectiveness of a 
nonrewarded trial should not be the 
same following a small number as 
following a large number of appeti- 
tively rewarded trials. A decrement 
in response strength on a nonrewarded 
trial following a large number of 
rewarded trials should be much larger 
than that following only a few re- 
warded trials. Thus, resistance to 
extinction cannot be taken as a valid 
measure of response strength when 
groups differ in number of rewarded 
trials. This idea becomes very clear 
when it is cast in terms of one of the 
traditional behavior theories (Spence, 
1956). According to the theory, habit 
strength (H) is an increasing function 
of the number of training trials (N) 
irrespective of whether they are rein- 
forced or not. Incentive motivation 
(K) is an increasing joint function of 
the number of times reward has been 
experienced at the goal (No) and 
amount of reward (W3). Resistance 
to extinction (R.) is usually taken as 
an increasing function of both H and 
K. There is a sizable amount of 
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literature, however, which indicates 
that resistance to extinction following 
continuous reward is a decreasing 
function of amount of reward (e.g., 
Armus, 1959; Hulse, 1958; Wag- 
ner, 1961). In terms of the the- 
ory, these data suggest that R, is 
a decreasing function of K. The 
mechanism for this relationship could 
be disruption of the instrumental 
response by stimuli introduced as 
a result of frustrative nonreward 
(Amsel, 1962). 

The thesis of the present paper is 
that the overlearning literature can be 


understood if three assumptions are 
made: 


1. Resistance to extinction is an 
increasing function of number of 
times the organism performs the in- 
strumental response, R, = + f(H). 

2. Resistance to extinction is a 
decreasing function of number of 
appetitive rewards experienced at the 
goal, R. = — f (K). 

3. The effect of number of trials 


asymptotes before the effect of num- 
ber of rewards. 


From the assumptions, it follows 
that the overlearning effect will result 
in appetitive reward situations, since 
overtraining the original response is 
more likely to be disrupted and there- 
fore less resistant to extinction. That 
this is indeed what happens is docu- 
mented by the data of the single- 
stimulus-presentation study of Birch, 
Ison, and Sperling (1960). They re- 
port that 
the difference between t 
to be located in thei 


extinction to the Previously reinforced cue. 
No difference in rate of acquisition to the 
newly positive cue was found in the Present 
data [pp. 39-40]. 


he two groups appears 
r differential rates of 


The present experiment was a test 
of the proposed interpretation of the 
Overlearning effect. 


Using Ison's 
(1962) technique, 


two of his condi- 
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tions were replicated. "These were E^ 
groups which received 10 ES. : 
rewarded training trials. They ep 
may be termed the 10-10 and pes 
groups, respectively, where ms a 
member of the dyad designates nih 
number of running trials en. E 
second member, the number [o E 
wards. A novel, but very gp 
group, 10-60, was introduced e 
present study. This group A he 
only 10 running trials nee 
alley, but received 60 rewards » du 
goal. It is predicted that Les 
10-10 group should be more rcs! vns 
to extinction than the 10-60 Er hit 
since the groups are equated on S ORE 
differ in K, and (b) the 60-60 £ he 
should be more resistant than 
10-60 group, since the group 
equated on K but differ in Affect 
other words, an overlearning € p 
should not occur if the groups 
equated on K. 


METHOD "T 

A pparatus.—The apparatus consiste high, 
black wooden runway 5 in, wide, 5 1 prise 
and 72 in. long. The first 12 in. ERE box: 
the start box and the last 12 in., the £02 
The start and goal boxes were separate’ 
the alley by metal guillotine doors. Res 
time was measured by a Lafayett rii 
stop clock in .01-sec. intervals. IB 
opening of the start door until S inte 
à photobeam 5 in. inside the goal von male 

Subjects—The Ss were 36 naiv pproxi 
albino rats of the Holtzman strain, PF ori 
mately 90 days old at the start of. 
ment. They were housed in individu? 
cages with ad-lib. water. ET -10 

Procedure.—The procedure for A 
and 60-60 groups was similar to a 
10 and 60 groups of Ison’s (1962 B ieflY* 
which should be consulted for details- chedule 
all Ss were placed on a 15-gm. feeding $ andled 
14 days prior to training and were trà i 
each day during this period. Two nd days" 
trials were given on the first and in or the 
and 5 trials per day thereafter, pope the 
first day of extinction which contai war ed 
final rewarded trial followed by 5 Home mash 
trials. The reward was a .7-gm. We end of 
pellet placed in a glass coaster at the 
the goal box. 
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"o 


100 


MEAN RUNNING TIME (SEC) 


10 ! 2 


24 6 8 
TRAINING TRIALS 
Fic. 1. 


The 10-10 group was given 10 rewarded 
running trials and then extinguished. | s 
-60 group was given 60 rewarded oa ei 
en extinguished. On the first 50 tria ne A 
10-60 S was merely placed in the bres go: 
OX, with his head directly over the E TA 
n Trials 51-60, however, 5 was placed in RN 
Start box and he had to traverse the runway 
to obtain the reward. Thus, the 10-60 poa 
egan extinction on the same day as the n 4 
Eroup, and all nonassociative factors, SUC h as 
time on the drive schedule, should be the same 
Or these two groups. 


i s Wi n for a 
uring extinction, all Ss were TU 


Minimum of 80 trials, or until they ue E 
Criterion of not entering the goal box "a 
-<0 Sec. The empty food cup was qe a 
and S Was detained in the goal box uisi- 
SCC. The intertrial intervals during — 
tion and extinction averaged about 20 min. 


RESULTS 


The mean number of trials to the 
= 120-sec. extinction trial was 
x the 10-10 group, and 26 for me 
sa The values for the 


group. : J 
Corresponding groups in Ison $ dans 
Study were Gand 21, Thüs: wena 
Sfectively replicated Ison’s ae 

rese ; In fact, 
repli ae win markable, 


Cation agreement is TC 


“Onsiderin ifferent apparatus, 
g that di 


3 «4 5 o 2 B 


DAILY BLOCKS OF 5 EXTINCTION TRIALS 


Response time during training and extinction. 


strain of rats, etc., were used in the 
two studies. 

The 10-60 group, however, took 18 
trials to reach the 120-sec. extinction 
criterion. The significance of the 
differences among the three groups 
was tested by Duncan's multiple- 
range test. A log (base 10) trans- 
formation was performed on the 
criterion scores to equate the variances 
of the groups. The means for the 
transformed scores were 1.67, 1.38, 
and 1.20 for the 10-10, 60-60, and 
10-60 groups, respectively. The cor- 
responding unbiased variance esti- 
mates were .031, .031, and .045. The 
range test indicated that all three 
differences among the groups were 
significant at well beyond the .05 
level (least significant range — .16, 
df = 33). Thus, the 10-10 group was 
significantly more resistant than the 
60-60 group, which, in turn, was 
significantly more resistant than the 

" roup. 

g om on the last 10 train- 
are presented in the first 
1. Thegroups are ordered 
the 60-60 Ss 


ing trials 
part of Fig. r 
as expected, with 
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asymptotic at 1.1 sec. and the 10-60 
group performing slightly better than 
the 10-10 group on the 10 training 
trials. The overall difference among 
the groups on the 10 trials is signifi- 
cant, F (2, 33) = 48.7, p < .001. 

Running time during the first 40 
trials of extinction is presented in the 
second part of Fig. 1. The differences 
among the groups in resistance to ex- 
tinction are clearly evident. The 
overall difference among the groups on 
the 40 trials is significant, F (2, 33) 
— 45.4, p « .001. 


Discussion 


An overlearning effect of decreased 
resistance to extinction with increased 
trials in a runway was demonstrated by 
Ison (1962). In the present study, how- 
ever, an overlearning effect of decreased 
resistance to extinction with increased 
training trials was not obtained when the 
criterion group (10-60) and the over- 
learning group (60-60) were equated on 
number of rewards experienced at the 
goal. On the other hand, when the 
criterion (10-10) and overlearning (60-60) 
groups were not equated on number of 
rewards, an overlearning effect of de- 
creased resistance to extinction with in- 
creased training trials was obtained. 
The data support the assumptions that 
resistance to extinction is (a) an increas- 
ing function of the number of times the 
animal performs the response and (b) a 
decreasing function of number of rewards 
experienced at the goal. 

Collateral support for the assumptions 
comes from a “reversal” study of Ison 
and Birch (1961). They gave Ss a 
differential number of rewarded place- 
ments in one end box of a T maze and 
then trained them to go from the start 
box to the opposite end box. Since both 
groups at the start of "reversal" had 
€qual experience (i.e. none) in running the 
T maze, the group given the greater 
number of rewards in the Opposite end 
box should learn the "reversal" faster. 

his is, in fact, what happened. 

The assumptions have obvious refer- 
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ents in the behavior systems of Spet 
(1956) and Amsel (1962). Habit pee 
(H) is an increasing function of xd 
trials (N), and resistance to Ki m 
(R.) is an increasing function of d E 
centive motivation (K) is an d 
function of number of ee d 
and the magnitude of disruptive pei 
tive responses (7s) on nonfewardes ba 
is an increasing function of K. Final 

R, is inversely related to ry. 

One remaining problem is to 
for the not infrequent failure to 
overlearning effect (D'Amato &J 1062: 
1962; D'Amato, Schiff, & Jagger t d 
Hill, Spear, & Clayton, 1962). , bete 
amination of the overlearning lite E "e 
revealed that studies failing to Lied à 
overlearning effect have used a rewa 


e or 
E : - ised on 
a very small size. Hill et al. u ewards: 


045-g™- 


account 
find an 
agoda, 


D'Amato et al. “used 
Noyes pellets or 1.75-sec. lon 
water. It is inferred that wi since 
drinking per trial is a small ewe their 
D'Amato and Jagoda (1962) gaY 

Ss as many as 20 trials per day- < of the 
trast, 20 .7-gm. wet mash pellets 

type used by Ison (1962) and the al 
would approximate our rats’ 
tions. The observation of differen tar 
the size of the reward becomes imP0! tote 
when it is postulated that the asymp he 
of K is an increasing function no „rge 
magnitude of the reward. For "n 
rewards, the curves for H an 
function of rewarded trials woul 
very quickly and then slowly pe a ex- 
during most of the domain. If ur om Æ 
tinction K essentially subtracts e over” 
as we are tacitly assuming, then a” idies 
learning effect will result in all 
except those that use a hee) arn 
number of original and over E 

trials. Data which nicely conr is- 
prediction have been collected H 2 For 
sertation study by L. T. Clifford. m- 
five groups of rats, Clifford varie t was 
ber of runway trials up to 192. 
found that resistance to €* É 
rapidly increased at first and then 

decreased as a function of training 


e 
? The results of Clifford's study ha 
reported by Birch (1962). 


ces in 


tinc 
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For small rewards, the curves for H 
and K as a function of trials will diverge 
for most of the domain. If, with small 
rewards, K reaches its low asymptote 
before H reaches its high asymptote, then 
the curves will never converge, and the 
Overlearning effect could not result. 
Consideration of various curves for H 
and K leads to the conclusion that 
whether or not the overlearning effect 
will be obtained in a study will be deter- 
mined by number of criterion trials, 
number of overlearning trials, rate of 
growth, and asymptotes of the H and K 
functions. . " 

The basic thesis of this paper 15 also in 
accord with the theory of cognitive dis- 
Sonance as applied to the behavior of 
tats by Festinger (1961) and Lawrence 
and Festinger (1962). On the nonre- 
warded trials at the start of extinction or 
Teversal learning, S will experience dis- 
Sonance as a result of performing the 
Tesponse and not being rewarded. The 
Magnitude of the dissonance will bd 
Joint increasing function of the num "à 
and size of the rewards S has experience " 
n the present study, the 10-10 Ed 
Should be more resistant to pas 
than the 10-60 groups because the A 

S would experience à large amour a 
issonance on extinction trials £d 
result, they should change their ere» 
le, stop running) before the 10- = 
Who would experience a lesser ^ 
issonance, Since the 10-60 end ds 
8roups had the same number of iine 
hey should experience the same p p 
t dissonance on extinction trials, dt 
Mference in their resistance ep e 
Would be due to the differential vi 
raining of the instrumental response. 


z iv n pres 
ee a ation learning: 
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MAGNITUDE OF THE FRUSTRATION EFFECT i 
FUNCTION OF CONFINEMENT AND DETENTIO? 


Several experiments concerned with 
the motivational properties of non- 


IN THE FRUSTRATING SITUATION ! 
JOHN R. MacKINNON axp ABRAM AMSEL 


University of Toronto 


The experiment investigated the effect of manipulating time of ernn 
on nonreward trials in 2 sizes of goal box on the frustration effect ( e). 
A double-runway apparatus was employed. The variables under in- 
vestigation were manipulated in the 1st goal box (Gi) and the suis 
of the experimental conditions were observed in Runway 2 in e n 
of starting, running, and goal-entry times. Magnitude of the FE was 
greater following 3 or 15 sec. detention than following 90 sec. detention 
on nonreward trials. During both pretest and test trials, the effects 
of Gi size and of detention differ greatly depending on the response 


measure employed, starting and running times showing quite different 
pictures. 


They set up three experime 


ntal condi- 


reward (Amsel, 1962), following an 
early experiment by Amsel and Rous- 
sel (1952), have employed a double- 
runway apparatus. This is essentially 
two single runways in series. The S 
runs from a start box (SB) into a first 
runway (Runway 1) and a first goal 
box (Gi), which opens into a second 
runway (Runway 2) and a second goal 
box (Gs). The typical experimental 
procedure involves the manipulation 
of reward and nonreward in G; follow- 
ing the Runway 1 response. Reward 
is always available in the Gs, The 
frustration effect (FE) is an increase in 
vigor of running (i.e., shorter running 
time) in Runway 2 following non- 
reward in G, The present experi- 
ment is concerned with the effects of 
two variables on the FE: (a) time of 
detention on nonreward trials in G, 
and (b) degree of physical confinement 
in G; prior to running in Runway 2. 
Time of detention in G; on non- 
reward trials was manipulated by 
Amsel and Roussel (1952) in the orig- 
inal experiment describing the FE, 
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: 1 
tions: 5, 10, and 30 sec. detention ns 
Ci, and, although their results pro- 
gested that the 10-sec. condito s 0 
duced the largest FE and that onre- 
Sec. the effects of frustrative e viti 
ward had already begun to pos ly 
they were unable to obtain qum esis: 
significant support for the hypot pe - 
The inconclusive findings were at the 
uted, in part, to the fact that ig 
range from 5 to 30 sec, ina frs ices 
situation may be one which proc T D 

relatively little change in the ie 
However, a recent re-examinatin | a 
the Amsel and Roussel data n a 

very consistent picture: there - 
inverted V-shaped relationship 
tween size of FE and detention V 


experiment, indirect ee : 
from experiments examining 2 
which have quite fortuitously p" 
ployed detentions in G, on nonre ri 
trials ranging from 15 to 30 sec- T ah 
to running in the second n, 
There is a suggestion from Es 
studies as well that the greater 


n- 
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are obtained with shorter (15-sec.) Gi 
detentions. 

The second variable under consid- 
eration in the present experiment, 
Size of G,, has been studied only in- 
directly. The various studies of the 
FE have involved first goal boxes 
differing somewhat in size, and there 
isa suggestion that the larger, more 
Significant FEs show up when a 
Smaller G, is used. It would seem 
that a more formal study of the effects 
of this variable is indicated. The 
Present design permits us to observe 
the effects of (a) time of detention in 

1, (b) degree of confinement in Gu, 
and (c) the interaction of these two 
Variables, The experiment also pro- 
Vides ‘a first opportunity to observe 
the development of the FE under one- 
trial-per-day conditions. 


METHOD 
Subjects 


" A ; red 
Sixty albino rats of the Wistar strain serve 


S Ss for this experiment. The gus pos 
ODtained from Woodlyn Farms, ees P dd n 
ario, and were approximately 7 Wx dioused 
“rival at the laboratory. All Ss were " zs 
Individual cages, and were maintaine® : 
AHlibitum feeding for a period of zA 
eir ages ranged from 67 to 72 day ss die 
ginning of the experiment. Four ION 
during the course of the experiment, '€? 
Tom which data were collected. 


ey 


Apparatus x 
The apparatus was an L-shaped iier 
paway, essentially as described by — ; 
nick (1962), The various compone f 
s apparatus, arranged successive » eee 
n OX, a first runway, 2 first ‘ieee The 
HEUS runway, and a second g0% f the ap- 
ide surfaces of all components d behind 
hitus were lined with ġ-in. lexiglas, 
ordes Were placed sheet-m 
Cong; to differentiate the first SB, Runway 
1. “tions as much as possible, 92», 2d Rat 
black? 1 contained wall inserts Po Gs ens 
black he walls of Runway Al stripes. 
The and white alternating i-i 
Sti Cor of the first three 
tiffeneq black die matting, he eel 
ay 2 and G, consisted of $-1- bra 


i In 
tal inserts. 
oad second alley 


u nw. 


spaced approximately 3 in. apart. The run- 
ways were covered with Plexiglas throughout, 
hinged to allow access to the apparatus. To 
further differentiate conditions between the 
first and second sections of the apparatus, a 
small black food cup ($ X3 X1 in) was 
mounted on the side of Gi, approximately 1 in. 
from the door leading to Runway 2. Gs con- 
tained a larger (2 X 1 X 4 in.) white food 
cup hung on the far wall of the end box. 

Two guillotine-type start doors, one metal, 
the second clear plastic, separated the SB 
from Runway 1 and two similar doors 
separated G, from Runway 2. Metal doors 
prevented retracing from G, and Gy. Ilumi- 
nation was provided by two, 40-w. fluorescent 
lamps suspended in series approximately 20 
in. above the second runway. : 

A modification of the apparatus, as previ- 
ously employed, was necessitated by the 
manipulation of the confinement variable. A 
removable confinement chamber was inserted 
in G, on half of the trials to decrease its size. 
The walls of the insert were black and lined 
with Plexiglas, in this respect similar to the 
larger Gı. The insert had a Plexiglas top, 
and contained a small metal food cup, 
mounted on the side, of the same dimensions 
as the food cup in the larger Gi. The floor 
was black rubber matting. When .S entered 
the smaller G, and approached the food cup at 
the front, a metal door was raised, restricting 
it toa 2 X 2 X9 in. space. The dimensions 
of the larger Gi were 23 X 31 X 4 in. 


Design 

The experiment was run in two stages. In 
the first. (pretest) stage, Ss were run to con- 
tinuous reward in Gi and to random presenta- 
tion of the larger and smaller sizes of Gi. 
In the second (test) stage, Ss were to have 
been split up into six independent groups 
(3 X 2 factorial) representing two degrees of 
confinement and three degrees of detention. 
In the light of pretest results (see Fig. 1) 
showing differential performance out of Gi 
sizes within Ss, it was necessary to continue 
running all Ss to both sizes of Gi throughout 
the test period also. Consequently, the design 
in the test period involves three independent 
groups for the detention variable, while for 
all Ss the large vs. small Gi variable remains 
a within-Ss comparison. This amounts to a 
mixed design (Lindquist, 1953, p. 292). 


Procedure 
i <peri from the beginning 
The entire experiment 
of preliminary training involved a total of 130 


days. 
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Habituation.—lhe preliminary training 
period was 22 days. "Throughout this period 
Ss were maintained on a 24-hr. food-depriva- 
tion schedule. Water was available at all 
times throughout the experiment. From 
Days 1 to 12 Ss were fed 10 gm. Purina lab 
chow per day. From Days 13 to 18 all Ss 
were handled for 3 min. prior to being fed. 
From Days 19 to 22, each S was placed ina 
carrying cage, carried to the experimental 
room, and placed in the apparatus for 5 min., 
during which time it was allowed to explore 
the apparatus with the photoelectric system 
operating, to become adapted to the clicking 
noises associated with the equipment. 

Acquisition (pretest) training.—For a period 
of 80 days, each S was given one trial per day 
in the apparatus under approximately 23 hr. 
food deprivation. During acquisition Ss were 
run to continuous reward and to random pres- 
entation of the smaller and larger areas of con- 
finement in Gi. The order of G, sizes over 16 
trials was as follows: LSSLLSI Ss LSLSLLS, 
where L represents the large goal box and S 
the small. The Ss were trained to both sizes 
of G, to reduce any aversiveness the smaller 
Gi might have for them and to equalize their 
experience with both. The Ss were run in 
squads of 12 and were fed in the home cage 
approximately 1 hr. following the daily trial. 

The procedure on an individual trial was 

as follows: S was removed from its individual 
cage, placed in a compartment in a 12-place 
carrying cage, and taken to the experimental 
room where, for a period of 10 min. prior to 
running the first S, E checked the equipment 
and clocks, so that Ss could become adjusted 
to the noises in the experimental room and so 
that stimuli preceding the first S's trial would 
be the same as for any other S. Any acquisi- 
tion trial was run as follows: (a) S was placed 
in SB and when it oriented toward the door, 
a black metal door was dropped. (b) Three 
seconds later a clear plastic door was lowered, 
allowing S to enter Runway 1. (c) The .S 
traversed Runway 1 and entered G, which, 
depending on the trial, would be either large 
orsmall. On all trials, S received three 37-mg. 
Noyes food pellets in Gy. (d) After 15 sec., 
controlled automatically by an interval timer, 
a metal door was lowered, and when S had 
oriented toward it, a clear plastic door was 
lowered. (e) The S traversed Runway 2 into 
Gz and received two 37-mg. food pellets. 
(f) Fifteen seconds after S entered Gs it was 
removed and returned to the carrying cage. 

Starting, running, and goal-entry measures 
were taken in both alleys of the apparatus, 
although for purposes of this report, starting 
and running measures in the first alley are not 
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The goal-entry time was ex- 
amined to ascertain whether S's entry inte 
both sizes of G, had equalized. It was ionn 
that after about 40 trials, 20 exposures to eh 
G, size, goal-entry performance ees 
sizes of Gi remained about equal for B 2g 
mainder of the acquisition phase of the v m 
ment. All performance measures were no 
bv .Ol-sec. timers, activated by si on i 
electric system. Performance y des 
Runway 2 were taken as follows: I TRE 

the Plexiglas door leading into Runway 


: E when 
from G; activated a timer which stopped 


av 2 an 
S moved to a point 3 in, into Runway ating 
interrupted a photobeam, providing a St 
time (latency) measure and tanting f m 
timer. The interruption of a photo OR 
in. from the start door stopped Ue and 
timer, providing a running-time ie in Gy 
started a third. A third photocell s thir 
46 in. from the second unit, stopped the 
timer providing the goal-entry measu isition 
Test trials.—Vollowing the 30 900 10 ex: 
trials, during which each S Lr ar was 
posures to cach of the two sizes of Gy “g4-trial 
run to 100% reinforcement in G1, 8 e trials 
test period was instituted. On d an 
half the entrances into Gi were rewar frustra" 
the other half nonrewarded to test ion ssigne 
tion effects. "The Ss were randomly ^ Groups 
to one of three experimental groups ing to 
3, 15, and 90—which varied accom - 
duration of detention, in seconds, oF 
reward trials in Gi. “Detention” refers ` 
amount of time S spent in Gi on nonte 
trials of the test period. On the reward 
of the test period, all Ss were detainec tinue’ 
sec. Throughout the test trials Ss een i 
to run to both sizes of Gy, as in the 
procedure. icum. mna S 
In each block of eight test trials bia the 
had four trials to the large Gi, and fou were 
small. The reward and nonrewarc k 


considered. 


a secon 


wart 
rials 


1 trials Y 
2 ; 
arranged in such a manner that in Pd two 
of eight trials S had two reward ar > 
nonreward trials in each of the two siZe if the 
For instance, in a block of eight tria ESL: 
order of goal box presentation was t^ ds was 
the order of rewards and nonrewar® 
NRNRNRRN. 


RESULTS AND DISCUSSION 


J -— 
Acquisition (pretest) training jn 
Starting, running, and goal ee est 
Runway 2 over the 80-trial P'gach 
phase are presented in Fig. 1- epre 
of the 10 points in each curve © 
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sents the mean of 56 individual S 
medians taken over blocks of 8 trials. 

The curves in the left-hand panel 
show performance measures when S 
was entering Runway 2 following re- 
ward in the large Gi; whereas the 
curves in the right-hand panel show, 
for the same Ss, performance out of the 
small G, after reward. lt is apparent 
that the starting- and running-time 
measures are grossly affected by size 
of G, out of which S runs, while the 
goal-time measure seems entirely un- 
affected by size of Gi. It is clear that, 
within the same Ss, the starting and 
Tunning performance measures depend 
On size of G, out of which 5 starts into 
These effects seem to 


unway 2. ? 
ù rer the 80 trials 


Persist undiminished ov 


of this phase of the espe ^ T he 
&roup data presented in Fig. ^ are 
albae ta S in the 


Characteristic of almost every 
experiment. 

Test trials.—]n the course of 24 test 
trials, each .S had 6 reward and 6 non- 


Teward trials in the small 2 ex 
as 6 re and 6 nonreward trials 
ward and e 6 trials 


the large Gy. A median of the 6 tr 
Under each of these four conditions 
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was computed for each S, and the 
points on the graph represent the 
mean of such 6-trial medians for all Ss 
in each detention group. Each panel 
of Fig. 2 shows a comparison of Run- 
way 2 performance in the last block of 
preliminary training, and on R and N 
test trials for the three detention dura- 
tions, under one of two G; sizes, and 
for one of three performance measures, 
Within each panel between-groups 
comparisons are involved; however, 
comparisons across panels, left and 
right, are always within Ss. 

The two top panels show that start- 
ing-time measures, in general, were 
higher under large G, conditions 
than under small G, conditions. The 
middle panels show the opposite for 
running time. "These findings are in 
line with the pretest phase of the 
experiment. The FE is most pro- 
nounced for starting measures out of 
the large G, and for running measures 
out of the small G;. These two are, 
then, the measures of importance in 
regard to evaluating the detention 
variable. The FEs for goal time are 
very small in five cases, and negative 


RUNWAY 2 
QUT OF LARGE 6, 


STARTING 


MEAN MEDIAN TIME IN SECONDS 


PERFORMANCE 
OUT OF SMALL G, 


1 3 5 7 9 


Starting, runnin 


Fic. 1. 
when 5s ran out o 


g, and goal p 
f the larger or t 


EIGHT - TRIAL BLOCKS 


erformance in Runway 2 


he smaller Gi. 


4 


- 
t2 


[-] 


END PRELIM — 
FOLLOWING ~ TRAINING go 


REWARD — test TRIALS O——O 
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STARTING 
-Nuwaunare Y 
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RUNNING 
= i BON. 


EN NS) 


GOAL 


- 


MEAN MEDIAN TIME IN SECONDS 


e -——9 


3 15 


TIME IN SMALL G, 


Fic. 2. Test-trial performan 
Gi on nonreward test trials. 
also shown.) 


in the other. Under the large G, 
condition, the greatest discrepancy 
(FE) between reward and nonreward 
test performance appears to be in 
Group 3. This is due to an apparent 
relationship between R and N test- 
trial performance which seems partic- 
ularly evident in the starting meas- 
ures. The large discrepancy between 
R performance on test trials and on 
terminal pretest trials in the Group 3 
starting measure out of the large Gi 
is not evident in any of the other 
detention groups, for any measure, in 
either G, condition. The relationship 
of detention to size of FE in the other 
measure of interest—running out of 
small G;—shows the 15-sec. condition 
clearly different from the other two. 
A mixed-design analysis of variance 
was performed separately on the start- 
ing and running measures. For start 
time, the interaction between G; size 
and reward-nonreward was significant 
at the .05 level, F (1, 53) = 6.00. The 


ce in Runway 2 as a function of time in larget circles 
(Comparison reward curves of two kinds—open 


— 90 
15 = 


TIME IN LARGE G 


ler 
d smal 
a se Bre 


ogest 
significant interaction would "i 
that the FE varies with Size tica 
No other interaction was — 
significant. The difference be large 
starting-time measures under the pi 
and small G, conditions was "i as 
cant, F (1,53) = 23.70, P €: (fru 
was the reward vs. nonreward 13.15 
tration) comparison, F (1,53) 7 
b < 0. 

The between-Ss comparison a 
that starting time varies Wit 
spent in G, on the nonrewa ate 
F (1, 53) = 3.74, p < .05. igni - 
detention in G; did not interact reward 
cantly with the reward-non re. 
variable, for the starting meas N 

Wilcoxon matched-pairs $ indi 
rank tests were used to evaluat? s e5 
vidual reward-nonreward diffe 
in the starting-time po 3 
large G; comparisons, CT up 15 
(T = 30, » «.01) and Grove ant 
(T = 10, p < .01) yielded si£T^ fof 
differences, and the differen? 


howed 
Hm 


trials: 


of 


C — 
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Group 90 is not significant (T = 58). 
For small G, comparisons, Group 3 
(T = 28, p «.01) and Group 15 
(T — 22, p « .02) yielded significant 
differences in the direction of the FE. 
Again, the difference for Group 90 was 
not significant (T = 75). 

The analysis of variance of the 
Tunning-time data resulted in a signifi- 
cant triple interaction among Reward, 
Confinement, and Detention condi- 
tions, F (1,53) = 6.79, p < .05. Asin 
the preceding analysis, reward condi- 
tons, F (1,53) = 5.43, p < .05, and 
Size of G,, F (1, 53) = 32.84, p < -01, 
Were significant, confirming the rele- 
vancy of reward vs. nonreward and 
Size of G, as variables affecting Run- 
Way 2 performance. . : 

Wilcoxon | matched-pairs signed- 
Tank tests were again used to test for 
Significance of the FE in individual 

Ctention groups. In each detention 
8roup, under the large Gi condition, 
the differences were statistically ay 
nificant in the direction of me ^ 

"= 25, p < .01 for Group 3; T = 
P < .01 for Group 15; and T = ^» 
b < .08 for Group 90). For the st 

1 Condition, the FE was significant 
only for Group 15 (T = 29, P^ < .05). 


A sure, 
In the case of the third mea ^N 


Soal time (bottom panels of e 
W graphs indicate only slight dilter 
ences between performance on rew chi 
and nonreward test trials. For i s 
Measure, performances for the E 
*tention times are very similar, an 
the effect exerted by the confinement 
Variable on the other two measures 
“PPears to dissipate as S trtum 
i © runway, particularly out of the 
mall Gi 
F This experiment demonstrates in 
du, With a one-trial-per-day prose 
du The results also demonstra? 
hat the absolute size of the r= 
d for those measures which rep- 
Sent relatively weaker performance, 


mall 
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i.e., the starting-time measure out of 
the large Gi, and the running-time 
measure out of the small G;. This is 
reasonable in terms of a “ceiling” 
effect. 


The hypothesis offered by Amsel and 
Roussel (1952), that the facilitating ef- 
fect of nonreward on subsequent per- 
formance should vary with time in the 
frustrating situation, has received some 
support from this study, at least to the 
extent that the FE seems greatly at- 
tenuated by 90 sec. The more specific 
suggestion emerging out of their study, 
that the greatest FE should appear fol- 
lowing some intermediate time of de- 
tention in G, on nonreward trials, is not 
strongly supported by the present results. 
While the running-time data out of small 
G, would, by themselves, tend to support 
such a conclusion, the starting data out 
of large G; do not. Here, the test-trial 
reward value at 3 sec. detention is 
troublesome, suggesting the possibility of 
a carry-over of the detention effect, at 
this value of detention anyway, from 
nonreward to reward trials. 

A very stable finding in this experi- 
ment was that, in the double-runway 
situation, size of G, is an important de- 
terminer of absolute level of Runway 2 
performance, at least with the extremes 
of size used here. The pretest curves 
clearly show that starting times are 
shorter out of the small G; than out of 
the larger Gi for the same Ss; and that 
running times are longer out of the small 
G, than out of the larger Gi. All trials 
during acquisition were reward trials and 
Ss were detained for 15 sec. in both sizes 
of Gi. It should be noted that, after the 
first few training trials, all Ss were able 
to consume the three 37-mg. pellets in G; 
in less than 15 sec. Consequently, on 
most trials, Ss were required to wait for 
a few seconds for the lowering of the 
plastic door into Runway 2. This sug- 
gests that the slower starting times out 
of the larger Gi may simply reflect a 
r opportunity for competing re- 
he larger Gi. An alternative, 


t incompatible, hypothesis is 


grea te 
sponses in tł 
although no 
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that the very small G, was so restricting 
as to be aversive, yielding fast starting 
(escape) times. 

Running was slower following small G, 
confinement, just as starting was faster. 
Once Ss left the small Gy, they frequently 
stopped just after breaking the photo- 
electric beam which started the running- 
time clock. Consequently, the running 
measure out of the small G, often in- 
volved a “restarting time." This may 
simply reflect an increased tendency to 
explore following confinement. These 
same Ss seldom paused in Runway 2 after 
leaving the large Gi. 

The results of the present experiment 
indicate much weaker overall perform- 
ance (ie., slower starting and running 
speeds) than in previous studies employ- 
ing the same double-runway apparatus. 
It is suggested that, apart from the 
obvious effect of varying G, size, the 
poorer performance may be due to the 
fact that Ss were run one trial a day to 
relatively small rewards. (In experi- 
ments involving more than one trial a 
day, there is almost always a “warm-up” 
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effect, the first-trial performance being 
somewhat weaker than that on subse- 
quent trials.) However, the pen 
performance levels also mean large 
absolute FEs, which suggests that for 
parametric experiments, in which size ^ 
FE is the dependent variable, the > 
trial-per-day procedure may be a go 
one to employ. 
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ABSOLUTE JUDGMENTS OF DISCRETE QUANTITIES 


RANDOMLY DISTRIBUTED OVER TIME! 


DWIGHT E. ERLICK 


Aerospace Medical Research Laboratories, Wright-Patterson Air Force Base, Ohio 


The accuracy with which S can make estimates of the percentage 
of sequential events falling in 1 of 2 categories as a function of: 
(a) the true percentage being estimated and (b) the length of the 
sequence was investigated. The highly discriminable events were 
presented in a random sequence at the rate of 4/sec. 2 groups of 100 
Ss each and 4 individual Ss furnished the data. Results indicate: 


(a) decrease in err 
(b) systematic overes 
estimation of percentages i 
for extreme percentages (high- 
ages, (d) mean al 
categories are uti 
number of response C 
centages of 40, 50, and 60 


Earlier investigations have been 
Concerned with several variables re- 
lated to the a posteriori perception of 
relative frequency of random sequen- 
tial events (Erlick, 1960, 1961, 1962). 
n these studies, highly discriminable 
vents were presented randomly e 
ast rates (4/sec) and 5 was require 
O determine which event had oc- 
Curred most frequently. The findings 
indicated a linear relationship existed 
tween the information transmitted 
nd the frequency difference between 
‘Vents; also there was a general overall 
crease in accuracy of perceiving the 
Pe frequent event as the observa- 
tOn time increased from 5 to 40 rA 

huford (1961) using a spatial « is 
d had Ss estimate the percentage 
in 9ne of two distinct elements vien 
of à, 20 X 20 matrix. Two duratio 
sec Servation were used : 1 sec. vider 
in th he results indicated an e sica 
the S Variability of the estima 


Ho Shorter duration of Serene 
No Wever, accuracy of estimations 
appear to be affected by 
e Engineer- 


1 
Th i 
e € data were collected at t e 
j ntioch 
College” chology Research Project, A 


or of estimation as length of sequence increases, 
timation of percentages below 50% and under- 
above 5056, (c) higher accuracy of estimation 
low) than for the intermediate percent- 
ccuracy of 77% correct estimations when 4 response 
lized with a systematic decrease in accuracy as the 
ategories increases, (e) response bias with per- 
being used most frequently. 


duration of observation. Also, the 
ability to make estimates did not 
appear to be systematically affected 
as a function of the actual percentage 
being estimated and in general was 
quite accurate throughout the entire 
range of percentages. 

The present investigation was con- 
cerned with the absolute estimation of 
the frequency of occurrence of random 
sequential events: three factors were 
varied: the percentage being esti- 
mated; the length of sequence; and 
the variability of the length of 
sequence. 

METHOD 


A punched paper tape reader was used to 
present a preprogramed series of the two 
letters A and C which were displayed on the 
same location on a 3 X 4 in. screen by means 
of a rear projection system. The letters, 34 
in. high, were presented one at a time at the 
rate of four per second and were on for 
approximately half of each, cycle, producing 
an equal on-off ratio. This rate and ratio 
prevented S from counting the individual 
letters, yet produced a distinct off-time when 
the same symbol was repeated in sequence. 


The total series of the letters A and C 


ted within one trial was one of five 
Prasths, Le, 20, 40, 60, 120, or 240. When 


presented at the rate of four per second, these 
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resulted in total observation times per trial 
of 5, 10, 15, 30, and 60 sec., respectively, and 
will be referred to as Ts, Tio, Tis, Tao, and Too, 
respectively. Within each T condition 21 
different ratios between the letters A and C 
were presented. Nineteen of these were 
selected so as to increase the percentage of 
occurrence of one of the letters in 5% incre- 
ments from 5 to 95%. Thus in Cond. T;, 
4 A's and 16 Cs present 20% A's and 80% Cs. 
Since the percentages of the two events 
A+C = 100%, each percentage condition 
was counterbalanced in terms of the symbols 
(A and C) by varying the instructions as to 
which symbol was to be estimated. 

To evaluate estimates of very large per- 
centage differences, two ratios were presented 
within each T condition (except T;) in which 
all letters were the same except one, e.g., in 
Tis 1 A and 59 Cs or in To; 1 A and 239 Cs. 
"These latter two conditions resulted in per- 
centage of occurrences ranging from 0.4% to 
2.5% or 97.5% to 99.6%, depending on the T 
condition and which letter was estimated. 
A 0% and 100% condition was presented 
under the T; condition. The five T conditions 
and the 21 ratios within each resulted in 105 
experimental conditions. 

A total of 200 Ss was tested. For 100 .Ss 
all 105 conditions were presented in a random 
order, i.e., the duration (T condition) was 
variable from trial to trial (V group). For the 
other 100 Ss each of the five T conditions was 
presented separately in a counterbalanced 
Latin-square design to five groups of 20 Ss 
each, with the 21 ratios within each T condi- 
tion occurring randomly, i.e., the durations 
were constant from trial to trial for a series of 
21 ratios (C group). A trial required one 
judgment and consisted of observing a random 
series of one of the ratios between the letters 
A and C. 

The Ss were told to estimate the percentage 
of the specified letter to the best of their 
ability. They were told to guess if they were 
not sure of the answer and to keep all previous 
answers covered with a card with which they 
were provided. All 105 trials were punched 
on one continuous tape with an automatic 
stop programed between trials. The E, who 
sat in the room with Ss, called out the number 
of each trial before it was presented and 
started the trial by Pressing a button. Each 
of the 200 Ss made 105 percentage estimates 
resulting in an overall total of 21,000 re- 
sponses. The Ss were run in groups of up to 
10 at one time, with each S seated in an 
individual booth facing the display and view- 
ing the letters from a distance of fro: 


r m 6 to 9 ft. 
he Ss were given two practice trials before 
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made to 
; bonus às 
stimations. 
ver- 


each session. An attempt was 
motivate Ss by offering a moneta 
a function of the accuracy of their estimi E 
To determine if a few acne 
aged over many Ss produced some E aetna 
functional relationships as many obse gel 
made by one S, four Ss from the group mnes 
ment were run independently of i fore tion 
The length of sequence for all t ip aa four 58 
was the same, 60 (T1s)- Each ol ing n cori 
took a series of 10 experimental sn ons T 
sisting of 10 different random TCP ee thus 
the 21 different per cents to be esum cd 
giving a total of 2,100 osservato. i pub 
observations for each of the 21 gi "is bash 
cents. The selection of the four 55 Ls ee in 
on their better than average pero over 
the group task, as indicated. by cc between 
absolute error based on the difference 
the actual and estimated percentages: 


RESULTS 


wo 

The following analysis dite 
groups (C and V) was base ‘hin 
overall mean of the 100 Ss wit? 
group. Likewise, the analys's 
individual Ss was based on the 
mean of all four .Ss. 

Reversal errors. ra- 
appears that S might have in es- 
rily forgotten which symbol eave uld 
timating because his estimates nt 
be approximately the equiva'e up" 
the alternate symbol he was nO was 
posed to be estimating. s 
most apparent for the percentag? 5% 
the extremes of the scale W ii be 
might be estimated somew? might 
tween 90% and 95% and 90 Don 970 
be estimated somewhere betwWe® | ted’ 


e 
and 1095. For percentages pr 0-60) 
near the middle of the scale “cep: 


it was difficult to differentiate P” [n 
tual errors from reversal ge i of 
order to reflect mainly the € B 
perceptual errors and since Aviation 
of 40 was several standard deV” . jn 
from the mean response in 7 i 
stances, it was decided to it^ 
call all errors of 40 or greater: 
errors. The overall number 
versal errors for the V and 
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Were approximately the same 3.1% 
and 2.9%, respectively, while the four 
individual Ss had an overall average 
of 2.1%. Inall the following analyses, 
reversal errors have been omitted. 
While this tends to disproportionately 
reduce the mean error and variability 
for extreme percentage estimations, 
the small number of reversals did not 
affect any of the general functions 
reported. 

Length of sequence.—There was no 
Systematic interaction between the 
effects of length of sequence (duration 
of observation) and the magnitude of 
the percentage observed. The mean 
absolute percentage error decreased 
for both C and V groups as the length 
Of sequence increased. The initial 
Percentage error at 5 sec. of observa- 
tion was higher for V (10%) than C 

76) and systematically decreased 
*veling off for both groups at ap- 
Proximately 7% for 30 sec. of observa. 
tion. The same data when interpretec 


N 


INFORMATION TRANSMITTED IN BITS 


10 


in terms of information transmitted 
results in an increase in the transmis- 
sion of information as a function of 
increasing the length of sequence with 
the curve asymptoting at slightly less 
than 2 bits at 30 sec. of observation, 
i.e., 120 events (see Fig. 1). 

Practice effects—A comparison of 
the first five experimental sessions 
with the last five for each of the four 
individual Ss showed no systematic 
differences in error as a function of the 
21 different percentages presented for 
estimation. 

Magnitude of percentage observed.— 
For both groups and individual Ss 
there was a systematic overestimation 
of percentages below 50% and a sys- 
tematic underestimation for percent- 
ages above 50% (see Fig. 2). The 
mean estimations for 50% were quite 
accurate, 

The o for the four individual Ss, 
derived by determining the ø for each 
S and averaging the four o’s, was 


——— CONSTANT DURATION 
— - — VARIABLE DURATION 


15 30 


SECONDS OF OBSERVATION 


See p 
absence) for conditions when t 
5582. is scaled logarithmically. 


t emitted as a fun 
Information transan -to-trial d 


Each point is 


ction of duration of observation (length of 
urations were constant and variable. (The 


based on 2,100 observations.) 
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— CONSTANT DURATION 
VARIABLE DURATION 
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stant- 4 
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con 
Mean percentage error as a function of percentages presented. zd based on 
(Each point on the group curv es ons) 
1al curve is based on 400 observa d 
€ n 
bility pers 
angl 


variable-duration groups and individual Ss. 
observations, while each point on the individu 


lower for those percentages at the 


increased with the vari 
extremes of the scale, i.e., 0-20 and 


; r 
approximately 9 over the middle 


80-100. The ø for the extreme ends from 20% to 80%. . The indi- 
of the scale of 5% and 95% was ap- Correct identifications.— laced in 21 
proximately 5, this systematically vidual S's responses were pla 


100 


80 BASED ON MEAN OF 


4 SUBJECTS 
60 


40 


20 


PERCENTAGE OF CORRECT IDENTIFICATIONS 


jj 25 50 75 = 


PERCENTAGES PRESENTED 


d: 
nte 
rese ly 
5 : s à s 
Fic. 3. Percentage of correct identifications as a function of the percentage — 
(This measure was computed by dividing*the number of times a response was U 
by the total number of times the response occurred.) 
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categories corresponding to the 21 
Stimulus categories presented. Re- 
Sponses occurring within the corre- 
Sponding stimulus category were con- 
sidered correct identifications. An 
analysis of the percentage of correct 
identifications based on the total num- 
ber of responses made within each 
category was made. Higher accuracy 
of estimation was found for the ex- 
treme percentages (high-low) than for 
the intermediate percentages (see 
Fig. 3), o. 
Information transmitted.—The_ in- 
formation transmitted by each of the 
individual .Ss ranged from 1.55 to 2.20 
bits with an overall average of 1.94 
bits, : 
Number of response categories. —The 
Stimulus scale was transformed into 
àn equal-discriminability scale (EDS) 
Or cach of the four Ss (Garner & 
ake, 1951). To determine the festa 
of varying the number of el 
Càtegories, the EDS was then divic i. 
Into NV (2, 3, 4, 5, 7, 10, or 21) equa 


100 


75 


50 


25 


MEAN PERCENTAGE OF CORRECT IDENTIFICATIONS 


o 5 
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discrimination categories. Using re- 
sponse intervals corresponding to the 
stimulus intervals, the percentage of 
correct identifications based on the 
total number of responses made within 
the specified interval was determined 
for each of the intervals within each 
N condition. The mean percentage 
for all intervals within cach of the 
N conditions was then determined. 
This mean percentage of correct re- 
sponses decreased as the number of 
response categories increased. Ap- 
proximately the same degree of accu- 
racy was obtained with equal intervals 
along the stimulus scale as with the 
EDS procedure, therefore the equal- 
interval method of categorizing was 
used since it was more parsimonious 
(see Fig. 4). 

Bias correction—It is apparent 
from Fig. 2 that both groups and in- 
dividual Ss show the same systematic 
bias. Thus, an analysis was done to 
determine the predictability of indi- 
vidual S responses using the error of 


BASED ON 4 
SUBJECTS 


10 15 


NUMBER OF RESPONSE CATEGORIES 


id 
ce, Fic. 4. Mean percentage mes imposed. up 
: rie: 
“Bories. (Response catego! lus scale.) 


Widistant units along the stimu 


entifications as a function of the number of response 


on the data and were selected in terms of 
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MEAN PERCENTAGE ERROR 


ie} 25 


PERCENTAGES PRESENTED 


Fic. 5. Mean percentage error of indivi 
(Uncorrected error is based on differ 
four individual Ss’ responses. 
the four individual Ss’ respons 
duration group.) 


the constant-duration group as a cor- 
rection factor. Since the degree of 
overestimations below 50% and the 
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Fic. 6. Relative frequency of responses 
the percentage scale. (The "0" assumes an e 
categories. Relative frequency is the perce 
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r á F of, is af 
underestimations above 50 Z a error 
proximately the same, the poni sides 
for stimuli equidistant on bo 
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qual distribution of responses for all 21 
ntage increment over the expected 
he individual Ss, 400.) 
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of 50% was averaged. A quadratic 
equation relating these averaged er- 
rors as a function of the distance of the 
stimulus from 50% was derived from 
the mean error of the constant-dura- 
tion group. The following equation 
indicates the correction. (C) to be 
added or subtracted from a stimulus 
Percentage (S%) over the range of 
5~95%, to predict the response per- 
centage that an observer will make. 


C = — 0048X? + .3247X — .4504 
X = 9, deviation of S% from 50 


c J added when S% < 50 
subtracted when S% > 50 


Using the foregoing equation, there is 
a very significant reduction in the 
absolute mean error of the individual 
Ss from 3.63% to -62% F (19, 19) 
= 5.57, p < .001. (See Fig. 5) |, 

Response bias.—An analysis. of Ss 
Tesponses was made to determine the 
extent of any preferences or response 
jases, Assuming an equal distribu- 
tion of responses for all 21 response 
Categories, the percentage of this ex- 


Pected value (400 for four Ss and 500 
Der group) was determined for eash is 


€ 21 percentages presented. 
apparent from Fig. 6 that Ss have : 
Marked tendency to use the middle he 

€ scale more frequently than pu 
extremes, especially responses of ^ 

9, and 60, This bias is true for both 
8toups as well as the individual Ss. 


Discussion 


al 

e, The overall percentage pee 
PNE yi revious i 

inse sis the reading 0} 


IA for reversal errors in 
is, Navigation plotters (Christene 
ed . This tendency to use me. P i 
si! inappropriate” response might p 

IY be due to inattention. | - 
© general increased informatio 


t x c 2 d 
obo Smitted (I,) asa function of p» 
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quency of two discrete events. Also, the 
difference in the constant and variable 
duration groups in terms of 7, at the 
shorter sequences is similar to that found 
in an earlier study by the author using 
measures of relative frequency (Erlick, 
1960, 1961). The lack of a practice effect 
is not too surprising since Ss were not 
given any knowledge of results. 

The fact that both groups and indi- 
vidual Ss overestimated percentages 
below 50% and underestimated percent- 
ages above 50% is not unusual, since this 
might be expected to some degree at both 
extremes of a finite scale. However, the 
highly consistent similarity of the three 
curves (Fig. 2) is rather striking. While 
the mean error is greater for the extreme 
high and low percentages than for the 
middle percentages, this is somewhat 
misleading as can be seen in terms of the 
percentage of correct identifications in 
Fig. 3. Similar findings have been found 
in other studies of absolute judgments 
(Eriksen & Hake, 1956). What happens 
is that a greater number of responses are 
made in the center portions of the scale 
(Fig. 6). These responses tend to be 
equally distributed about the mean, 
making the mean response highly accu- 
rate, the variability quite high, but the 
percentage correct rather small. 

The information transmitted was ap- 
proximately 2 bits. While in theory this 
would indicate the ability to absolutely 
identify four categories of frequency 
difference, it is apparent from Fig. 4 that 
this is not the case. This curve based 
on the tabulation of "correct responses’’ 
indicates about 77% mean accuracy of 
identification for four categories. The 
discrepancy is probably due to the large 
variability of responses. 

The highly significant reduction in the 
mean error of the individual Ss suggests 
the feasibility of utilizing the correction 
ation for correcting percentage esti- 
es, at least for untrained Ss. Also, 
ossibility of utilizing this 


equ 
mati 
it suggests the p 


correction factor in 

naive Ss. 
Responding 

of a finite scal 


terms of training 


more toward the middle 
e, suggests a tendency to 
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favor the mean when in doubt. The fact 
that percentages of 40, 50, and 60 were 
highly preferred also confirms previous 
findings of favoring a “0” in the final 
digit of unstructured numerical responses 


(Cohen & Senders, 1954). 
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DIRECT COMPARISON OF AUDITORY 
AND VISUAL DURATIONS! 


SANFORD GOLDSTONE anp JOYCE LEVIS GOLDFARB 
Baylor University College of Medicine 


It has been shown repeatedly that longer visual than auditory durations 
are judged equivalent to temporal concepts such asa clock second. | The 
present experiment explored this intersensory difference in time judg- 
ment through cross-modal and intramodal successive comparisons of 
auditory and visual inputs. Auditory durations were judged longer 
than visual, and visual durations were judged shorter than auditory for 


i i i intervals. 
3 different interstimulus in : 
obtained with the absolute method was also found by direct 


previously 


"The intersensory phenomenon 


comparison suggesting a fundamental cross-modal difference character- 


istic of human time judgment. 


When Ss made single-stimuli esti- 
mates of lights and sounds as either 
more or less than their concept of one 
clock second, longer visual than audi- 
tory durations were judged equivalent 
to the temporal concept; visual m 
Were judged shorter than quM 
Inputs of the same physical duratio 

Goldstone, Boardman, & Lhamon, 
1959). Experiments have demon 
Strated that this curious intersensory 
difference in time judgment !S n J 
Pendent of psychophysical metkom 
Stimulus characteristics such as pite?, 
hue, and intensity, size of and (oen 
rom visual target, position 1? 2 e 
and number of response categories; i 
1S present under various background 
anchor conditions, within very "n n 
Tanges of short durations an L 
Proader ranges up to 5 eC» an eed 
ifferent internal temporal qund 
e.g., Behar & Bevan, 1995 
Stone & Goldfarb, 1964). 

Although this auditory- 

Srence in time judgment E ae 

*monstrated repeatedly wi = 
method of absolute judgment, no i 
Periment has investigated whet = 
auditory durations are judged inet 

tan visual, and visual shorter t^ 


visual dif- 
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has been 


auditory upon direct comparison. It 
is possible that this intersensory phe- 
nomenon is a characteristic of the 
method of single stimuli which re- 
quires S to compare a light or sound 
with an internal temporal standard, 
and not a fundamental cross-modal 
difference in human time judgment. 

In this experiment Ss compared the 
duration of variable lights with a 
standard sound, variable sounds with 
a standard light, variable sounds with 
a standard sound, and variable lights 
with a standard light within the same 
experimental context and using three 
standard-variable interstimulus inter- 
vals. It was possible to determine 
whether sounds were judged longer 
than lights, and lights shorter than 
sounds in relation to intramodal con- 
trol conditions. The effect of in- 
creased interstimulus interval upon 
the intersensory difference was also 
explored. 


METHOD 


An electronic timing circuit controlled the 
duration of the lights and sounds and pro- 
gramed a constant interstimulus interval. An 
audio oscillator and headphones provided 
tones of 1,000 cps at 94 db. (re .0002 dyne/ 
A fluorescent system illuminated a l-in. 
ss circular target mounted 43 in. from 


th a blue white light of 5 apparent 


cm?). 
opal gla: c 
S's eyes W! 
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ft-c. The S was seated in an acoustic chamber 
that reduced ambient stimulation. 

The Ss received pairs of durations and 
compared the second with the first using a 
9-category scale from 1, very much shorter, to 
9, very much longer, with 5, equal, in the 
middle. The first duration or standard was 
always 1 sec. and the variable was either 6, 
8, 1, 12, or 1.4 sec. The five standard. 
variable combinations were randomly pre- 
sented 10 times for each of the following four 
sense-mode orders: Audition, standard-audi- 
tion variable; vision, standard-vision Variable; 
audition, standard-vision variable; vision, 
standard-audition variable. The Ss received 
200 pairs with sense-mode order randomized 
within the series and all pairs were separated 
by a 5-sec. interval. 

Sixty college students were divided into 
three equal groups with a standard-variable 
interstimulus interval of either 1, 2, or 4 sec. 
Each S's average category response for each 
standard-variable combination (V) and each 
sense-mode order (M) was obtained for the 
three interstimulus intervals (I). 


RrsuLTs 


Figure 1 displays the 


mean re- 
sponses of the three I group: 


s for each 


INTERSTIMULUS 


INTERSTIMULUS 
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TABLE 1 


ANALYSIS OF VARIANCE 
JUDGMENTS FOR THE 
Orpers (M), VARIABLE 
Durations (V), AND 
INTERSTIMULUS 


= COMPARATIVE 
MODE 


INTERVALS (1) 
Source df MS F 
1.60 
Interval (1) 2 et 
Error (b) 57 i. J 
* 
Variable (V) 4 | 474.25 1030.5 e 
Mode (M) 3 30.98 y'so*** 
VXM 12 1.00 Meare 
Ixy 8 .95 ee 
IXM 6 .63 137 
IXVXM 24 1 E : 
Error, (w) V/I | 228 T 
Error; (w) M/I | 171 * 
Error; (w) VM/I | 684 0 ud 
95 S Op. 


" Za Pee s and 
V and M condition. The curves í 


A A arize 
the analysis of variance sum tory 
in Table 1 show that the av than 


durations were judged longer 


ULUS 
INTERVAL INTERVAL INTERVAL 
100 SEC. 2.00 SEC. 4.00 SEC. 
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—— AUDITION AUDITION 
9 9— — VISION VISION 
VISION AUDITION 
8 AUDITION — VISION 
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Fic. 1. 
the four sense-mode orders (M) of th 
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Stimulus-response plots for the f; 
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ve standard-variable (V) combinations and 
e three interstimulus-interval (I) groups. 


AUDITORY AND VISUAL DURATIONS 


visual, and the visual durations were 
judged shorter than auditory for the 
cross-modal sensory orders of the 
three groups. The intramodal curves 
were between those of the cross-modal 
conditions, and exhibited a positive 
time-order error. Thus the previously 
reported auditory-visual difference in 
time judgment obtained using the ab- 
solute method was demonstrated with 
direct comparison. A steeper slope 
for cross-modal and intramodal audi- 
tory judgments was reflected in the 
M X V interaction, and the slope 
flattened with the 4-sec. interstimulus 
interval producing the I X V inter- 
action. The auditory cross-modal 
Curves differed more from the intra- 
modal curves than did the visual for 
all groups, and increased interstimulus 
interval did not modify the inter- 
Sensory difference. 
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This experiment adds to the accu- 
mulating evidence that there is a 
fundamental intersensory difference 
characteristic of human time judg- 
ment; auditory durations are judged 
longer than visual, and visual dura- 
tions are judged shorter than audi- 


tory. 
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"E TRANSFOR- 
EFFECTS OF NONLINEAR AND DISCRETE TRANS 


MATIONS OF FEEDBACK INFORMATION ON 
HUMAN TRACKING PERFORMANCE 


DARWIN P. HUNT 


University of Dayton 


9 groups of 7 male college students each were given 40, aig. HRS 
on a complex compensatory tracking task under 9 dienen ue 9.7. 
tional display conditions: 3 levels of informational quantiza. ip P 
or 11 informational categories) were combined with 3 types ol M ane 
relationships between the displayed error and the actual error (non x: 
minification, linear, or nonlinear magnification). An index of trac ing 
accuracy and of tracking economy was obtained by integrating e 
absolute values of voltage analogues of the actual tracking error and the 


control-stick deflections, respectiv 
associated with (a) the linear inf 
of informational categories, 
fluenced tracking economy 


ely. Greater tracking accuracy was 


ormational display, (b) a larger number 
and (c) practice. 


depending upon the number of informational 


Practice differentially in- 


categories. The amount of practice given resulted in a relatively stable 
terminal level of performance for tracking accuracy, but not for tracking 


economy. 


Several previous investigations have 
been concerned with the effects of 
either nonlinear or discrete transfor- 
mations of feedback information on 
the human performance of psycho- 
motor tasks. Bilodeau (1953) has 
studied the influence of variations in 
the slope of linear transformations of 
feedback information on the perform- 
ance of the relatively simple task of 
making blind settings on a micrometer, 
Noble and Broussard (1955) extended 
Bilodeau's work to include curvilinear 
transformation. Schoeffler (1955) re- 
lated performance on a simple track- 
ing task to the level of informational 
quantization. In a previous study 


!The data were collected under United 
States Air Force Contract No. AF-33 (616). 
7863 while the writer was employed at the 
Behavioral Sciences Laboratory, Wright- 
Patterson Air Force Base. The valuable 
comments of M. J. Warrick are gratefully 
acknowledged. James Nehez, University of 
Dayton, constructed and maintained the ap- 
paratus and some of the data analysis was 
carried out at the Behavior Research Lab- 


oratory, Antioch College under Contract No. 
AF 33(657)-7362. 


- € 
(Hunt, 1961) the effects ol parte 
transformations of error sme ocn 
on the performance of a complex ' in- 
pensatory tracking Were 
vestigated. 

Inall of the studies indicated o 
the independent variable has invo udi 
à variation in the linear magnifica’ r- 
or the curvilinear nature of the in 2e 
mational transformation or the cod 
tization of overall linear transÍorn s 
tions. The present research eee 
itself to the particular quesi veal 
“What are the effects of eur 
and discrete transformations of iat 
mation on human compensat 
tracking performance?” 


task 


METHOD 


12 
Subjects.—Sixty-three right-handed a ri 
college students who had no prior aid Uu 
mental tracking experience were P? 
Serve as Ss, isted of ? 
A pparatus.—The apparatus consiste" ,an 
orcing-function generator, a lever con! d oan 
error transformer, an oscilloscope, forcing 
electronic computer (Fig. 1). The ° pich 
function generator provided a voltage ¥ 


" 
ete OV 
if not compensated for by appropriate 


le 


A86 


E 
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TARGET COURSE 
GENERATOR 


ERROR (4) 


LINEARITY CONDITION 


NONLINEAR NONLINEAR 
MINIFICATION m | MAGNIFICATION 


N9 OF OUTPUT CATEGORIES 


'OSCILLOSCOPIC 


CONTROL POSITION (p) Ie SCORE 


DISPLAY 


roxa4zoo 


= 


Fic. 1. 


Ments of the control stick by S, would drive 
à dot right and left on an oscilloscopic display. 
r his forcing function was composed of three 
Sine functions: 1 cpm, 2 cpm, 3 cpm with the 
“Cpm component 180° out of phase. 
. The S's control was a 23.5-in. lever with 
its pivot point 3.5 in. above the floor directly 
in front of him. When the lever was in a 
center upright position, its tip was 10 in. in 
ront of and 18 in. below the center of S's 
Isplay, The control could be moved laterally 
i to the right or left, but was fixed in the 
°re-aft direction. When no sideward force 
applied to the control, slight spring 
Centering held the lever in the neutral position 
Which the control output was zero. The 
Oltages resulting from displacements of the 
ae from the upright position were linearly 
" ated to the angular deflection of the lever. 
x he S's display consisted of a 1 in. high 
5 in. wide exposed portion of the face of 
` cilloscope. A single vertical illuminated 
ide" centered horizontally in the 4.5-in. slot, 
ratified the zero error position for S. The 
Withormed error was encoded and displayed 
hin the slot as a small dot which moved in 
,CIScontinuous fashion along the horizontal 
mension, 
he computer served two general pur- 
and p To provide the controller dynamics 
© obtain performance scores. The con- 
dynamics were obtained by a double 


Block diagram of the apparatus. 


integration of the voltages produced by de- 
flection of the control lever; thus, S was 
operating an acceleration control. The inte- 
gration rates of the two integrating amplifiers 
were such that a 3? deflection of the control 
lever alone, i.e., ignoring the forcing function, 
would result in an error increasing .32 in/sec?, 
e.g., in 3 sec. the error would be 1.44 in. 

‘The performance of S was measured in two 
ways: (a) integrated control motion (CM) 
and (b) integrated error (e). The CM scores 
were obtained by feeding the absolute value 
of the voltage analogue of the control lever 
deflections, i.e., stick-deflection voltages, into 
the computer, which integrated these values 
for each trial (see Fig. 1). The e scores were 
obtained in the same way, except that voltage 
analogues of the true error were used instead 
of the stick-deflection voltages. ‘These e and 
CM scores were available to E on digital 
displays. 

The instantaneous difference between the 
voltage produced by the forcing-function 
generator and a double-integrated voltage 
resulting from displacements of the control 
stick is called the true error. This true error 
was fed into the error transformer and was 
transformed according to the informational 
condition under which the particular S was 
scheduled to be tested. Nine transformations 
of the true-error information were employed 
(Fig.2). Inall cases, a true error of 0 + 0.013 
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in. was displayed as zero error to the S. Th 
“nonlinear” (L) transformatio: : s 1. Magnificat; or 
i i A 2 : tion (Mag)—the true erf 
bined with ations Were com. was a lag e tr 
Pired ín = of three discrete (C) trans. logarithm Magnified according tO 


tain the nin 
L transformations were: 


or levels of quantization) to ob- L 
e informational conditions. The — inea," C&T (Lin)— 


unction (Fig. 2a, 2b, 2c). E 
linear] the displayed error V" 
2e, 20. related to the true error (Fig. ^" 


—— ————————- 


FE 


3. Minification (Min)—the true error was 
nonlinearly minified according to a logarith- 
mic function (Fig. 2g, 2h, 2i). 


Each of these three L transformations were 
quantized into 3, 7, or 11 categories. This 
resulted in the nine transformations (Mag-3, 
Mag-7, Mag-11, Lin-3, Lin-7, Lin-11, Min-3, 
Min-7, and Min-1 1). . . 

A relatively constant testing environment 
Was maintained by enclosing the control, the 
display, and S in an 8 X 8 X 61 ft. sound- 
shielded booth. The booth was illuminated 
by a white 3-w. shielded bulb located behind 
and 3 ft. above S. The inside of the booth 
Was lined with a black flocking material to 
eliminate potentially distracting reflections. 
A fan in the ceiling of the booth kept the air 
in circulation and effectively masked ex- 
traneous noise. wv 

Procedure.—The 63 Ss were divided into 
nine groups of 7 Ss each. The nine groups 
corresponded to the nine experimental condi- 
tions of information transformations discussed 
in the Apparatus section. Each S was tested 
under only one of the nine informational 
Conditions and was given 20 1-min. trials on 
ach of 2 successive days. Rest periods of 30 
Sec, duration were interspersed between all 
trials except 10 and 11, between which a 
“min. rest was given; and, of course, about 
3 hr. transpired between the end of Trial 20 
and the beginning of Trial 1 on the second 

ay. During the 30-sec. rests, S remained 
Seated in the booth. During the 4-min. rest 
© left the booth and his activities were 
unrestricted, 
nly seven Ss could be tested during one 
ay. The conditions that were run on any 
: 3y were selected at random with the follow- 
Wg restrictions: (a) all “linearity” conditions 
must be represented on each day, (b) none of 
the nine conditions could occur more than 
once on each day, and (c) over the complete 
Xperiment, each condition must occur once 
^t each time of day (9:00, 10:00, and 11:00 
AM, and 1:00, 2:00, 3:00, and 4:00 p..). 
Unanticipated apparatus difficulties, pro- 
cedural errors, and the failure of some Ss to 
“PPear for testing at their appointed times 
resulted in some departure from the third 
restriction, In no case, however, was a 
eviation of more than 1 hr. permitted. 
Pon the appearance of each S, he was 
icated in the booth and read a set of standard- 
Teed instructions which indicated that his task 
Was to attempt to keep the dot centered on 
a Zero error line of the display, informed him 
the Procedural details (ready signals, 
“ration of rest periods, etc.), and suggested 
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that he would be able to track better if he 
made rapid and small movement of the control 
lever. 

The E then left the booth and sounded a 
ready signal, which was a loud, but not dis- 
turbing buzzer. Three seconds later, the trial 
egun. At the end of the trial, the buzzer 
sounded again; 27 sec. later, the buzzer 
was again sounded to indicate that a tria] 
was about to begin, the trial was started 3 sec. 
later, ete. No knowledge of results was given 
to S during the experiment. 


RESULTS 


Integrated tracking error.—The mean 
of the e scores for the seven Ss who 
performed under each of the nine in- 
formational conditions was computed 
for each trial. These means are 
plotted for the Min, Lin, and Mag 
conditions in Fig. 3. Inspection and 
comparison of these graphs suggest 
that (a) performance improved with 
practice for all groups, (b) more im- 
provement occurred on the first day 
than on the second day, (c) lower error 
is associated with a greater number of 
informational categories, (d) perform- 
ance depends upon the linearity, and 
(e) especially for practiced Ss, the 
reduction in e associated with an 
increased number of categories de- 
pends upon the nature of the linearity. 
These latter two relationships can be 
seen more clearly in Fig. 4 in which the 
mean error for all trials combined on 
the (a) first day, and (b) second day, 
is shown for each L condition as a 
function of the number of categories. 
The interaction between nonlinearity 
and number of categories is reflected 
in Fig. 4b by the convergence of the 
three nonlinearity functions as the 
number of categories increases. 

An analysis of variance (Lindquist, 
1953) was computed in order to test 
these apparent relationships. The re- 
sults of this analysis of variance are 
summarized in Table 1. With the 
exception of the anticipated inter- 
action between L and C, the relation- 
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(The means are plotted separately for the nonlinear minification, 
the linear, and the nonlinear magnification conditions. 


Each point is the mean of the 20 trials 


for the seven Ss who performed under the indicated condition.) 


ships expected on the basis of inspec- 
tion of the data are supported ; all of 
the following sources were significant: 
trials, days, nonlinearity, number of 
categories, and the Trials X Days 
interaction. ‘To provide a closer sta- 
tistical inspection of the effects of L 


and C after a relatively stable level of 
performance had been attained, the e 
scores for the last 10 trials were sub- 
jected to an analysis of variance; non- 
linearity, number of categories, trials, 
and Ss were included in the analysis. 
Only nonlinearity, F (2,54) = 4.79, 
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TABLE 1 f 
ANALYSIS OF VARIANCE OF THE ERROR AND MOTION SCORES ae 
Error Scores Motion Scores 
Source d Ms F MS F 
Between Ss * 703346 2.20 
Nonlinearity (L) 2 3311311 4.24 : = 
umber of Liste (C) 2 | 29215342 | 37439 aa 1.30 
CXL 4 622066 — 4 : = 
Error (b) 54 780595 Uv 31988; 
" H s Aok 
ae b | 8810630 | sc.ss*** | 1699934 2345. 
Trials (T) 19 221810 | 2141 33160 ee 
LoT 38 7255 — 2550 1.03 
LXD 2 251630 1.62 74445 149* 
CST 38 5972 S 5029 a 
CD 2 5879 — 9044 
ax D " 19 87599 11,.54*** 3082 ac 
LXCXT 76 9399 — 2675 = 
LXCXD 4 263216 1.70 24702 = 
Lx T XD 38 10857 1.43 1985 "RW 
CXTXD 38 10605 | qj 5792 1.75 
LXCXTXxD 76 8338 1.10 2303 = 
Error (w) 2106 
Error; (w) 54 154894 72390 
tror: (w) 1076 10362 3386 
Error; (w) 1026 7592 3314 
Grand total 2519 
* 
p Soe 
wD <.001. 


$ «.05, and number 

F (2,54) = 30.94, 5 < 

nificant. Neither trial 
the interactions approac. 
significance. 

Integrated control 
means of the control-mo 
the 3-, 7-, and 11-category Conditions 
were computed for each trial; all L 
conditions were combined, 


of categories, 
-001, were sig- 
S nor any of 
hed statistical 


motion.—The 
tion scores for 


with any of the other variables) on the 
I scores, 


Discussion 

With regard to 
measured by the 
value of the untr. 
error, poorer perfor 
with departures fro 


tracking accuracy 85 
integrated absolute 
ansformed tracking 
mance was associate 


"These ith m a linear display ak 
W. . 

means are plotted in Fig. 5. The re- med er number of informatio 
sults of an analysis of variance of the No scale markings other than a single 
CM scores are shown in Table 1. The index mark at the zero position were 
effects of both trial and days were presented and the transform condition 
significant. Unanticipated was a sig- Under which each S operated was not 
nificant effect of the interaction of described 


number of categories and t 
significant interactio 
days, and number o 
L conditions h 
ence (either al 


rials, and a 
n among trials, 
f categories, The 
ad no significant influ- 
one or in combination 


or explained to him. 
under the Min Condition the displayed 
information Suggested that the tracking 
error Was less than it actually was; while 
under the Mag Condition, the reverse wa$ 
true, L6, the information provided tO 
im implied that the tracking error was 
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greater than it actually was. Thus, two 
factors were involved: (a) a nonlinear 
transformation, and (b) an implication 
that the informational display was 
actually linear or at least S was given no 
explicit information to indicate other- 
wise. The present study provides no 
data from which to determine the sepa- 
rate effects of these two factors on per- 
formance. The hypothesis that .Ss 
initially assume that the displayed error 
is equal to the true error has been pro- 
posed by Bilodeau (1953) and others 
(Noble & Broussard, 1955) to account 
for the performance of the relatively 
simple psychomotor task of making mi- 
crometer settings while blindfolded. The 
effects of the implied linearity when a 
nonlinear informational transformation 
is used could have been reduced, but 
Probably not eliminated, by placing non- 
linearly spaced scale markings on the 
display corresponding to the nonlinear 
transformation being used; but this, of 
Course, is a separate problem and a topic 
for further research. 
, In the case of the compensatory track- 
Ing task used in this study, the nonlinear 
transformation of error information also 
Could be viewed as an alteration of the 
Controller dynamics. That is, ignoring 
the influence of the forcing function, a 
Sliven displacement of the control does 
Not result in a simple acceleration, but 
rather, in a simple acceleration plus 
the informational transformation under 
Which S is performing. Furthermore, the 
Simple acceleration is altered differently 
depending upon the magnitude and direc- 
tion of the untransformed error. 
Statistical support for the anticipated 
interaction between nonlinearity and 
number of categories (for the e scores) 
failed to materialize. None of the inter- 
actions involving both nonlinearity and 
number of categories was significant. 
Figure 3, together with the statistical 
analysis, indicates that performance as 
measured by the e scores had stabilized 
reasonably well on the second day for all 
Conditions. However, this does not ap- 
pear to be the case when the CM scores 
are considered. Both the inspection of 
Fig. 5, as well as the lack of significance 


of the T X D interaction for the CM 
scores, suggest that the CM scores are 
still generally decreasing during the 
second day of practice. 

Figure 5 also suggests that the signifi- 
cant CX TX D and C X T interac- 
tions for the CM scores are due largely 
to the 3-category condition. On Day 1 
the overall slope, indicating rate of im- 
provement, is greater for the 3-category 
condition than for either the 7- or the 
11-category conditions. On Day 2, the 
3-category condition exhibits a relatively 
stable level of performance, while the 7- 
and 11-category conditions continue to 
show improvement over at least the first 
half of the second day. It is also of 
interest to observe that the mean control 
motion on each of the final 17 trials is 
lower for the 7-category condition than 
it is for the 11-category condition. 

As measured by the CM scores, the 
terminal level of performance under the 
3-category condition on Day 2 almost 
had been attained by Trial 11 of the first 
day (Fig. 5). Little improvement is in- 
dicated through the remaining 29 trials. 
Exceptions to this failure to improve are 
observed on the trials following longer 
rest periods, i.e., Trial 1 on Day 2 and 
Trial 11 on Day 2. However, this im- 
proved level of performance is not main- 
tained. Instead, each of these momen- 
tary improvements is followed by a 
gradual degradation. The CM scores 
under the 7- and 11-category conditions 
also exhibit a sizable decrease on the 
trials following the longer rest periods, 
but a degradation does not take place in 
all cases. 

Inspection of Fig. 3 reveals that only 
the nonlinear minification condition (Fig. 
3a) consistently shows any evidence of 
improving tracking accuracy, i.e., re- 
duced e scores, on trials following the 
longer rest intervals. Neither the non- 
linear magnification nor the linear condi- 
tions consistently exhibits such an im- 
provement. 

The improved level of performance on 
the postrest trials, followed by the 
gradual degradation, could be accounted 
for by appealing to the concept of in- 
hibition; inhibition accumulates during 
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practice and has an opportunity to dis- 
sipate during the longer rest periods; 
when practice is resumed, inhibition 
again accumulates. Regardless of the 
interpretation, the possibility that per- 
formance under the various conditions 
was differentially influenced by the 
particular rest intervals used in this 
experiment needs to be considered in 
applying the findings. 
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SUPPLEMENTARY REPORTS 


ACQUISITION AND REVERSAL OF A SPATIAL RESPONSE 
AS A FUNCTION OF SUCROSE CONCENTRATION 


JAMES R. ISON 


University of Rochester 


Acquisition and reversal of a spatial discrimination were given to 4 
groups of rats (n = 8) resulting from the 2 X 2 combination of 2 rein- 


forcement magnitudes in acquisition and reversal. 
was .6 cc of either a 4% or a 2055 sucrose solution. 


The reinforcement 
Acquisition con- 


centration (AC) had a significant effect (p < .05) on acquisition per- 
formance, but no effect on reversal trials to the 1st reinforcement or 


trials to the reversal criterion. 
reversal concentration 


The latter measure was related to 
(RC, p < .005) and the AC X RC interaction 


(p « .025), the interaction resulting because changes in concentration 


sugges 


quisition to reversal led to faster learning. 
; that part of the stimulus complex to which the spatial response 


The interaction 


is associated results from the stimulus feedback of the anticipatory goal 


response. 


It has been concluded (Pubols, 1961) that 
reinforcement magnitude affects only con- 
current performance and not subsequent 
reversal performance in spatial-discrimination 
learning. However, Wike and Farrow (1962) 
demonstrated an indirect effect of acquisition 
magnitude on reversal performance, which 
was, namely, that Ss for which the magnitude 
changed from acquisition to reversal learned 
more rapidly than Ss for which the magnitude 
remained constant. In that experiment Ss 
were given a fixed number of choice and forced 
trials to different amounts of water reinforce- 
ment. In the present experiment Ss were 
given free trials to criterion performance and 
the reinforcements were equal volumes of 
different sucrose concentrations. This manip- 
ulation of magnitude results in approximately 
the same consummatory time for each magni- 
tude, in contrast to other methods in which 
larger magnitudes require longer consumma- 
tory times. 

Method.—The Ss were 32 naive female 
hooded rats, 125 days old, maintained on 23 
hr. food and water deprivation. The appara- 
tus was a glass-enclosed E maze, 8 in. high 
and 4 in. wide, having a gray 18-in. stem, two 
black 18-in. arms, and two right-angled black 
8-in. goal boxes. Retrace doors were placed 
6 in. inside the stem and at the entrance to 
each arm and each goal box. On Days 1-7 Ss 
were handled and maintained on the schedule, 
on Day 8 they were given à single preference 
trial with an empty glass caster in each goal 
box, and on Day 9 they were given two trials 
in which the caster on the nonpreferred side 


contained the appropriate sucrose solution. 
"Thereafter 10 trials per day were given except 
for Reversal Trials 1-10, which were preceded 
by a single trial on the acquisition schedule. 
All trials were noncorrected with a minimum 
intertrial interval of 10 min. The Ss were 
randomly assigned (with the constraint that 
n — 8) to one of the cells of a 2 X 2 design, 
differing in acquisition-sucrose concentration 


(4% vs. 20%) and reversal concentration 
(4% vs. 20%). Each reinforcement was .6 cc 
of liquid. Acquisition training was continued 


toa criterion of 17 correct on 2 successive days 
and reversal training continued to a criterion 
of 10 consecutive correct responses. 

Results.—Mean trials to criterion for each 
of the four groups were: Group 20:20, 21.4; 
Group 20:4, 22 Group 4:20, 26.5; Group 
Analysis of variance of these data 
yielded an acquisition concentration (AC) 
effect, F (1, 28) = 4.33, p <.05, but no 
significant differences attributable to any 
subsequent reversal treatment, each F (1, 28) 
«1.0. It should be noted that acquisition 
concentration was necessarily confounded 
with a small (4 trials) but reliable difference 
in numbers of acquisition trials. However it 
is unlikely that such a small difference 
on the acquisition-trials dimension would 
produce the subsequent differences in reversal. 

1. Mean trials to the first correct response 
were: Group 20:20, 4.1; Group 20:4, 6.4; 
Group 4:20, 3.4; Group 4:4, 3.8. Analysis 
of these data indicated that no treatment 
produced any significant effect. 
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i iterion for each group 
. Mean trials to criterion : i 
Codicem 20:20, 11.6; Group wi Pid 
Group 4:20, 9.0; Group 4:4, 29.1. Analy: : 
of these data yielded a UR ~ Sn 
concentration (RC) effect, F (1, 28) = .17, 
< .005; a significant AC X RC interaction, 
m 28) = 5.88, p < .025; and a nonsignifi- 
cant AC effect, F (1,28) = at « 20. 
3. It is also interesting to consider Teversa 
Performance after the first reversal reinforce- 
ment because only subsequent to this eila 
the reversal treatment affect be avior. " 
mean trials to criterion after the first COrrect 
Tesponse were: Group 20:20, 7.5; Group 20:4, 
9.2; Group 4:20, 5.6; Group 4:4, 25.3. 
Analysis of these data yielded these significant 
> RC, F (1,28) = 11.04, p< -001; 
QUE S = 4.71, p «.05;andAC x RE 
F (1, 28) = 7.76, p < 01. 
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i vers: The occurrence of this effect 
or) ix pet Dew p pe 
inanem conditions Uomo ih Eni 
reasonable generality. The in F Aaea 
gests that a significant portion el ee ries 
complex to which the spatial endo pud. 
ciated arises as feedback from t : itle god 
goal response, so that with E RE. 
response there is a greater ge S TEDI 
decrement of the now eH e 
Because of the major procedura a enka nd 
between the Wike and Farrow i previous 
the present one, it is likely ^ hole, 1961) 
failure to observe the effect ( u oes but fa 
was due not to procedural differen He Suffi- 
reinforcement magnitudes being 
ciently disparate. 
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In the Present experiment each S was 
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ithout a ready signal. ces 
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as well as for Possible confounding of poe 
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C-SLOPE RESPONSES 


*——* READY SIGNAL 
o---o NO READY SIGNAL 


NUMBER OF RESPONSES 
K 


^ 


pe, 


— O 


—E 
[9] 100 200 


—_ —L- 
300 400 500 


LATENCY (MILLISECONDS) 


Fic. 1. 


responses on tria 


All Ss received 120 conditioning trials. A 
ready signal occurred on 60 of these. It 
consisted of a 400-msec. burst of white noise 
Which preceded the onset of the CS by a 
Quasi-random 2-, 3-, or 4-sec. interval. On 
the other 60 trials there was no ready signal. 
The two kinds of trials came in a scrambled 
Order, five of each kind in each successive 
block of 10 trials. 

The instructions were essentially the same 
às those used by Spence and Ross (1959), 
except that S was asked to look at the disk at 
all times (as in an experiment without a ready 
Signal) and to blink immediately when he 

eard the ready signal (as in an experiment 
With a ready signal). 

Results and. discussion.— Classification of 
responses as “voluntary” (V) or “non- 
Voluntary" (C) was carried out according to 
the procedure suggested by Hartman and 
Ross (1961). The maximum slope of each 
Tesponse was expressed as a proportion of the 
maximum slope of S’s UCR, and if this value 
Was as great as .40 the response was classified 


Latency distributions of "nonvoluntary" (top) and "voluntary" (bottom) 
s with and without a ready signal. 


asa V. A response with a slope less steep 
than .40 was classified as a C. 

In Fig. 1 are the latency distributions for 
V and C responses both with and without a 
ready signal. The ordinate in each case is the 
total number of responses in the appropriate 
latency interval across both Ss and trials. 
Only the first response on any trial was 
included. The data in this figure clearly 
corroborate the data discussed by Hartman 
and Ross (1961). The presence of the ready 
signal resulted in V responses of shorter 
latency than did the absence of the signal. 
This effect was confined to the region between 
150 and 300 msec. 

The results of several analyses attest to the 
reliability of the difference in number of 
short-latency V responses between the two 
ready-signal conditions. Using the median 
latencies of V responses under the two condi- 
tions for each S, a Wilcoxon test showed that 
latencies were shorter on trials preceded bya 
ready signal (p < .025, one-tailed test). The 
same conclusion is indicated by an analysis 
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of the number of V responses for each .S Shieh 
occurred in the interval 150-300 msec. follow- 
ing the CS. Using as a measure either this 
number or this number as a fraction of all 
the V responses after 150 msec. under the 
particular ready signal condition, 2 sign test 
showed that significantly more V responses 
occurred in the 150-300 msec. interval when 
the ready signal was used (p = .004, one. 
tailed test). 

Bed other features of the data are 
worth noting here. First, the distribution of 
C responses was unaffected by presence or 
absence of the ready signal. Second, more 
responses were made on trials when a ready 
signal was present than when it was absent. 
Third, over 60% of the V-slope responses 
occurred after 300 msec. even with a ready 
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Reminiscence Was measure 
rest intervals: 0 min, 


In all, 130 Ss were tested, 


Although a considerable amount of in- 
vestigative effort has been devoted to de- 
termining the length of rest th. 
maximum reminiscence gains 
ing situations (Ammons, 194 
Kimble & Horenstein, 1948), 
research has been directed tow. 
how long the reminiscence eff, 
Melton's (1941) study indic 
niscence gains could be dete 
rest interval of 6 wk., and J 


prerest training was given 
relatively spaced practic 
favorable to the producti 
of reminiscence under ar 
The previous findings suggest that reminis- 
cence gains and warming-u 


to 24 
both effects 
diminish. . 

The present study was designed to yield 


Using the no-rest g 


d on a pursuit-rotor task following 8 different 


» 175, 365, and 730 days. 


There was a 
int of reminiscence and 
‘ase with the longer intervals of 


so i imum 
large amounts of reminiscence with opu o 
lengths of rest and to study the persistence a 
the reminiscence gains over an exten 


period of time, led 

Method.—The Ss were 130 right-hanc ui 
male, undergraduate students in T een 
ho were registered in intro 


University w a 
tory Psychology classes during the 


"m 
semester of 1960-61. Handedness was 4^ 
termined by a questionnaire that aske of 
with which hand he performed a variety 


common tasks, 
served to disquali 
to use rest inte; 


yer 
Any “left-handed” anw 
fy S. Because it was dam ar, 
rvals of more than a ye ss 
senior students were excluded. All nt. 
volunteered to participate in the experime he 
In all, 200 Ss were given initial practice on ere 
earning task although not all of these Ss "ibe 
able to complete the postrest phase of 
experiment, d, 60 
Apparatus —A unit of three standard, re 
rpm, United States Air Force pursuit p a 
mounted, together with a control panel c7 
ISAF Psychomotor table was used. Ti 


a six 
on target was measured by means of 
Standard E] 


ia R te 
ectric timers that were calibra 


st 
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in .001 min. All scores reported in this 
experiment are given in thousandths of a 
minute. 

Prerest practice.— he Ss reported to the 
laboratory in groups of three and were as- 
signed to individual rotors at random. Fol- 
lowing instruction in the task, they were given 
5 min. of continuous practice. During this 
practice, scores were taken at 30-sec. intervals, 
and these 30-sec. intervals or measurement 
periods were arbitrarily designated as “trials.” 
At the end of practice, all Ss were dismissed 
(with the exception of Ss who had been 
assigned to the no-rest and 10-min. rest 
conditions and who were given their postrest 
trials either immediately or after 10 min.). 
No S was informed that he would be asked to 
return for a second experimental session. 

Rest intervals.—Length of rest constituted 
the independent variable. Eight different 
rest intervals (10 min., and 1, 7, 35, 70, 175, 
365, and 730 days) were used. In addition, 
a ninth group was given 10 min. of continuous 
practice and served as the no-rest, control 
condition. 

Some problems of sampling should be men- 
tioned briefly. Since Ss were given initial 
training in groups of three, assignment of Ss 
toexperimental conditions was not completely 
random. Groups of three Ss each were ran- 
domly assigned to the no-rest and 10-min. 
Test conditions. The remaining Ss were put 
in random order and were called back for the 
Postrest training in that order. Because 
relatively long retention intervals were being 
used, it was felt that there might be a s 
tematic difference between .Ss in the no-res 
and 10-min. rest groups and those in the other 
conditions in terms of willingness to return 
for a second experimental session, since Ss in 
the no-rest and 10-min. rest groups, if they 
appeared for prerest practice, were "captive" 
Ss for the postrest trials whereas this was not 
true for Ss in the other groups. In order to 
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control for this source of bias, Ss in the no-rest 
and 10-min. rest groups were asked to return 
to the laboratory for a second, dummy," test 
approximately 5 wk. following their first ses- 
sion. Those Ss who failed to keep the second 
appointment were dropped from the experi- 
ment. Another possible source of bias should 
also be noted. The Ss who were given rest 
periods of 70 days or less were given their 
prerest and their postrest trials within a single 
semester, but for Ss who received rest periods 
longer than this there was an opportunity for 
to drop (or to be dropped) from school. 
"This form of selection may have had some 
effect upon the results, although a comparison 
of the prerest scores between the appropriate 
groups does not reveal a significant difference. 

Finally, it should be noted that there were 
15 Ss in each group except the 730-day group 
which contained 10 Ss. The lower N in the 
730-day group reflects the fact that not 
enough Ss were run in 1960 to compensate for 
the attrition suffered by .Ss over a 2-yr. 
period. 

Postrest practice.—Welearning consisted of 
5 min. of additional continuous practice di- 
vided, as before, into 10 30-sec. "trials" or 
measurement periods. — Postrest practice for 
cach 5 was given on the same rotor as was his 
prerest practice. An effort was made to run 
Ss in groups of three on their postrest trials, 
but scheduling difficulties prevented this in 
most instances. Some Ss received their post- 
rest trials alone, but most of them worked with 
one or two other Ss who could be scheduled 
at the same time. 

Results —The trial means for the prerest 
performances in all groups are presented in 
Table 1 and the trial means for the postrest 
performances are given in Table 2. 

It will be recalled that a number of earlier 
studies have shown that postrest performance 
increases rapidly as a function of length of 
rest as rest-interval length increases up to 


TABLE 1 
TRIAL MEANS IN PREREST PRACTICE 
Trials 
Cond. 

1 2 3 4 5 6 * 8 9 10 M 
TT 62 67 75 78 97 | 110 | 109 | 130 | 117 | 124 97 
1 day 74 79 94 103 102 121 129 119 136 124 108 
7 days 68 86 90 99 105 113 109 122 119 145 106 
35 days 80 79 83 87 86 93 103 113 133 127 98 
70 days 62 70 81 74 89 97 | 103 | 113 | 117 | 109 92 
175 days 60 | 69 71 91 | 98 | 106 | 110 | 124 | 107 | 113 | 95 
365 days 74 74 100 109 111 129 121 132 146 143 114 
730 days 60 74 85 91 89 | 106 | 109 | 121 | 117 | 124 98 
Mean of experimental conditions | 68 75 85 92 98 | 110 | 112 | 122 | 124 | 126 | 101 
No-Rest (Control) 66 | 62 | 80 | 100 | 95 | 110 | 109 | 115 | 120 | 140 | 100 


Note.—All scores are in .001 min. and are rounded to the nearest .001 min. 
Means may be converted to percentage time-on-target scores by multiplying by .2. 
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E 
TABLE 2 
MEANS IN PostREST Prano 


Trials 


Cond, — e — - 5 E M 
1 12 13 14 15 16 17 sA = FA 
246 | 234 
pes zo 224 | 269 | 275 | 250 | 260 249 21 $46 352 253 
^ 10 min. 212 | 256 | 266 | 254 | 248 264 28. ia es 252 
e ...1day 212 | 250 | 273 | 260 276 248 | 254 340 | 231 231 ne 
7 days 211 | 247 | 250 | 245 | 238 241 242 222 | 209 | 220 15 
35 days 174 | 202 | 222 | 219 231 | 223 | 229 194 | 103 | 202 pe 
70 days 169 | 188 | 187 | 186 | 205 | 199 | 202 237 | 220 | 208 | 218 
dis dave 180 | 214 | 213 | 232 | 227 | 227 | 221 By | to | aa | 2 
$39 days 160 | 189 | 196 | 209 | 197 | 213 | 210 EIS oe: | 22 
f rimental conditions | 194 | 228 | 937 234 | 237 | 234 | 235 | 23 d 162 | 141 
vd wi (Control) 130 | 136 | 130 135 | 127 143 136 156 5 
No- Rest 


Note.—All scores are in .001 mi 


in. and are rounded to the nearest .001 mir T 
Means may be converted to percentage time-on-target scores by multiplying by .2. 


about 10 min. Since 10 min. w; 
interval of rest used in the prese 
it might be expected that pos 
ance would decrease as a fu 
longer rests. Although remi 


as the shortest 
nt experiment, 
trest perform- 
nction of still 
niscence gains 


€ warming-up 
his warming-up 
às a function of 


ing-up effect increases asa fi 
of rest), However, these t 
qualified in terms of the r 
tistical analysis reported be 

The pre- and postrest Scores were analyzed 
by conventional analysis-of-variance tech- 
niques. The results of these analyses may be 
summarized under the following five headings: 


1. There were no significan 
between all groups in prerest 
either with respect to conditions o; 
X Trials interaction. 

2. A significant diffe, 
was found between conditions 
performance, F (8, 121) — 4.43, 
ence is attributable to the differences between 
the no-rest (control) condition and the other 
conditions, however, because: 

3. When the no-rest condition js excluded 
from the analysis of Postrest Performance, 
there is no significant difference between con. 
ditions. " 

4. The Conditions X Trials 
postrest performance is significant at the 5% 
level, F (72, 1089) — 1.413, but, again: 

5. When the no-rest, contro] condition is 
excluded from the analysis of Postrest 


t differences 
performance 
r Conditions 
rence at the 1% level 
in postrest 
This differ- 


interaction for 


m Trials inter- 
performance, the Conditions X Trials 
action term is not significant. 


ap- 
Discussion.—The experimental results s^ 
Pear to be more or less selbexplanatürss or 
usually found in the pursuit-rotor obtained. 
large amounts of reminiscence WEre € for the 
€ fact that the postrest scores cluster 
10-min., 1-day, and 7-day sone ng that 
together bears out the usual we E axi 
reminiscence quickly rises to a sta Pid rest. 
mum value as a function of be pe remi- 
The high degree of permanence of th t sur- 
niscence gains is, perhaps, somewha sults 
Prising. Even though the trend of the r SR 
would indicate that, if sufficiently long iate 
were to be employed (and, assuming adeant 
longevity of Ss), the reminiscence effect Y ear 
Probably decrease to zero, the gains oP he 
to be remarkably impervious to decay. ort 
trend of the results also gives general Dae 
to the conclusion of Jahnke and Dur 


in- 
(1956) that Warming-up effects at Arae rd 
crease and then decrease as a functio ihe 
length of rest, 


The relative regularity $^. S 
uch conclusions even Groups 
etween means and the nt j nta 
ction among the experime 
statistically significant. 


ata Supports s 
the differences bi 
X Trials intera, 
groups are not 
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SYSTEMATIC STUDY OF END ANCHORING AND 
CENTRAL TENDENCY OF JUDGMENT 


' 
DONALD M. JOHNSON anp CALVIN R. KING, Jr. 
Michigan State University 


The stimuli were slides of 36 green and blue dots, varying from 0 green 


(36 blue) to 36 green (0 blue) dots. 


From these 37 slides 7 sets of 11 


slides each were drawn and presented for judgment on a scale of 0 to 10. 
Anchoring occurred where the end slide was salient, e.g., monochromatic, 


in accordance with the subjective-standard hypothesis. 


Anchoring 


of the other slides could be interpreted as due to the effect of the 
monochromatic slide, even when it was not presented. No anchoring 


occurred when neither end was salient. 


Regression toward the mean, 


i.e., central tendency, occurred at the unanchored end, or ends. 


When an S repeatedly judges each 
of an ordered series of stimuli on an 
ordered scale of judgment, his activity 
can reasonably be described as one of 
matching the scale of judgment he is 
instructed to use to the series of stim- 
uli he is given. Usually the matching 
is successful in that the scale of judg- 
ment corresponds roughly to the series 
of stimuli. The scale is anchored, in a 
general way, to all the stimuli, but 
many experiments have shown that 
Certain response categories are an- 
chored to certain stimuli in a special 
way. In judgments of inclinations of 
lines, for example, the horizontal and 
Vertical axes are salient features to 
Which judgment scales are easily 
anchored (Onley & Volkmann, 1958). 
The most frequently reported anchor- 
ing effect is end anchoring, in which 
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the ends of the response scale are 
linked to the ends of the stimulus 
series, with the result that judgments 
of the end stimuli are made with fewer 
errors and less variability than judg- 
ments of the middle stimuli (Hunt, 
1941; Needham, 1935; Volkmann, 
1951). The effect spreads inward, in 
the case of an ordered series, hence it 
is usually assumed that the stimuli 
near the ends are judged in relation 
to the end stimuli (Eriksen & Hake, 
1957). Eriksen and Hake eliminated 
the ends of the stimulus series by the 
use of colored papers in an endless 
continuum and found that their .Ss 
selected other salient features, such as 
the ends of the response scale, as 
anchors. Hence they favor the “sub- 
jective-standard hypothesis," i.e., that 
S selects any salient feature that will 
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help him stabilize his judgments, oi 
interpret end anchoring as a specia 
case illustrating this hypothesis. 

If the subjective-standard hypoth- 
esis is accepted, the next step is to 
make it more specific. The present 
experiment attempts to specify the 
conditions under which an end stim- 
ulus will be selected as a standard to 
Which the response scale is anchored, 
Certainly the end of a stimulus series 
is not always identified as such. It is 
a reasonable hypothesis, in the light of 
the experiments mentioned above, 
that an end stimulus acts as an anchor 
when and only when it has some 
salient property that identifies it as an 
end beyond which there are no other 
stimuli to be judged. 

Investigation of this hypothesis re- 
quires stimulus series in Which the 
salience of the end Stimuli can be 
varied, and the material used by 
Philip (1947) is convenient for this 
purpose. He used 11 stimuli of 36 
green and blue dots, ranging from 13 
green dots (with 23 blue) to 23 green 
dots (13 blue). Complete extension 
of the range from 0 green dots (36 
blue) to 36 green dots (0 blue) yields 
37 stimulus patterns from which vari- 
ous sets can be systematically drawn 
to fit the requirements of the present 
experiment. 

Such stimulus mat 
advantages. Stimuli 
(all blue) and 36 gree 
chromatic and thus 
as ends beyond which 
can be expected. Stimuli adjacent to 
the ends have one or two dots con- 
trasting to the larger mass of the other 

color, hence there is a gradient of 
salience at each end of the complete 
series. The complete range is sym- 
metrical in that it extends from no 
green dots, through half of each, to no 
blue dots and thus minimizes asym- 
metries connected with Weber's law. 


erial has several 
of 0 green dots 
n dots are mono- 
easily identified 
no other stimuli 


Furthermore, it is possible to ie E 
set in the middle range, from Cae pa 
green dots, neither end of eet vins 
salient, and predict that no anchoring 
“ill occur. , 
gom is demonstrated f hy of 
decrease in variability and — 
judgment of the anchoring peris 
Since the error measure has b: : s 
statistical advantages, the num E 
response categories was made e Es 
the number of stimuli in cac e 
Each stimulus series was composec x 
11 stimuli and each response scale wé 
defined as 0 to 10. 


METHOD 


lcs as qe 

The complete series of stimuli nas ots 
posed of 37 1-in. slides of blue and Sr ted 
in random patterns. ‘The slides we Sí green 
to 36 in accordance with the number o lrawn 
dots. Seven sets of 11 slides each were simu i 
So as to vary the salience of the end 10 has 
ofa set. Set 1, composed of Slides 0- ed o 
a salient end, Slide 0. Set 2, uL VM 
Slides 1-11, also has a salient end, Sli¢ less 
Set 3, of Slides 2-12, has a somewhat ^7 
salient end, Slide 2. In Set 4, of Slides 15 1 of 
neither end is salient, Set 5, compos, vi 
Slides 24-34, Set 6, of Slides 23-35, and ae 
of Slides 26-36, are the complements of = her 
3, 2, and 1, with salient stimuli at the ot 
end of the series, 

The Ss were instruct 


ides 
ed to judge the au 
on a scale of 0-10, One group judged 0f 
scale of Sreenness, with 10 as mE 
greenness, and another judged on a scale in 
lueness, with 10 as maximum blüenesm x 
order to balance out any unforeseen poculi 
ties in the fit of the scale to the stimuli. ry 
Seventy Ss were recruited from element? 
Psychology classes and randomly assigne 
14 groups of 5 each, for the seven stimu in 
sets judged on the two scales. The 5 55 aly 
each group were run as a group. The that 
criterion for recruitment was a request t 
no color-blind Students participate. :ewlex 
The slides were projected by a Viev ec 
Projector with an Alphax shutter for 1 Saly 
with an interslide interval of approxima’ he 
8 sec. The screen was about 20 ft. from ri 
3S in a semidark room. The slides, Wer 
shuffled between sets, and the orientation 
the slides in the Projector was varie u 
Xtraneous cues. Each gf 


Jus 


Minimize e 
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judged the set of 11 slides twice for practice 
then six times for the record. ‘Total time for 
a group was about 40 min. 


RESULTS 


The results were first analyzed in 
respect to errors. Since each set had 
11 stimuli and the response scale had 
11 numbers, an error was defined as 
any deviation from agreement. The 
first question was whether the data of 
the two scales, blueness and greenness, 
could be combined. Table 1, sum- 
marizing an analysis of variance of the 
errors, shows no difference between 
the scales in this respect, hence the 
blueness scale was reflected and the 
data combined with the data from the 
greenness scale in subsequent anal- 
yses. Table 1 also shows, as expected, 
a large variance between sets in 
number of errors. 

Figure 1 gives an overall view of the 
variability of the judgments, with 
both scales combined, in the form of 
quartiles of the distributions of thc 60 
judgments of each slide. Any judg- 
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TABLE 1 


OvERALL ANALYSIS OF VARIANCE OF ERRORS 


Source df F 
6 18.99** 
s 1 0.39 
Set X Sc 6 1.76 
Error ( MS) 140 (36.98) 


9*4 5.01. 


ment that does not fall on the diagonal 
line in these plots is an error. It is 
obvious that the stimuli at the salient 
end of Set 1 and the salient end of 
Set 7 were judged with few errors and 
low variability. This anchoring effect 
is not limited to the anchoring stim- 
ulus but spreads to adjacent stimuli, 
decreasing with distance from the 
anchoring stimulus. The same state- 
ments can be made for Sets 2 and 6. 
This end anchoring also appears in 
Sets 3 and 5 but to a lesser extent. 
Set 4, in which the ends are not 
salient, shows no anchoring. All 
slides appear to be judged with equal 
variability. 


' 24 € 8 10 12 


! SET6 | y SET 7 


25 27 29 31 33 35 26 28 30 32 34 36 
SLIDE SLIDE 


(Medians and quartiles 


are shown for each distribution of 60 judgments. Correct judgments fall on the diagonal 
ine. The blueness scale has been reflected to accord with the greenness scale.) 
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TABLE 2 


ANALYSIS OF VARIANCE OF ERRORS 
FOR EACH SET 


Set Source df MS F 
i 10 | 29.876 
1 ae 9 9.152 |22.858** 
SIX Ss| 90 1.307 
i 10 | 21216 
2 ipw 9 5.206 |10,791** 
SI x Ss| 90 1.966 
lid 10 4.307 
NE S | 3 e 3.059** 
SIX Ss| 90 1.408 
Slides 10 0.797 
4 Ss 9 0.893 1,014 
SIX Ss} 90 | 0786 
pude 10 4.222 
5 s 9 | 2387 | 3.7074 
SIX Ss| 90 1.139 "d 
eccl eee. die 
i Slides 10 7.910 
s 9 | 13.998 | 4287+ 
SIX Ss| 90 Ru 4.287 
ako — ae 
; Slides 10 | 22.005 
a 9 9.56: +x 
Six $3] 99 | 2398 | 20.799 


Asa check on the trends th 
in Fig. 1 an analysis of vari 
errors was carried out fo 
The results, shown in T 
clear-cut. The varian 
slides in Set 4 is not sign 
variance between slides 
in the other sets and is very large in 
Sets 1 and 7, each of which has a 
highly salient monochromatic end. 

Figure 2 has been prepared t. 
in more detail what happens t 
near the anchoring stimulus. 
the anchoring effects at the all-green 
end and at the all-blue end are similar, 
the error curves have been folded over 
So that the monochromatic stimuli in 

corresponding pairs coincide and the 
base line thus represents an increase, 
beginning at zero, in the number of 
blue or green dots. It is clear from 


atappear 
ance of the 
T each set, 
able 2, are 
ce between 
ificant. The 


is significant 


o show 
O errors 
Since 


Fig. 2 that the greater accuracy of 
judgment of the sets with the better 
anchors extends throughout the sem 
It also appears that Slides 1 and " 
with one contrasting dot, are judged 
more accurately in Sets 1 and 7 "d 
in Sets 2 and 6 where they are the en i 
stimuli—though this difference is Ww. 
quite significant. Likewise, Slides 2 
and 34, with two contrasting dots, "E 
judged more accurately in Sets 1 and 
than in Sets 3 and 5 where they are the 
end stimuli—and this difference is 
highly significant. " 
The ot between end anchoring 
and the central tendency of judgment 
is shown in Table 3 by a tabulation = 
the frequency of judgments in the rai 
categories, 0 and 10, and in the middle 
Category, 5. If all categories were 
used equally often, these frequencies 
would be 60. Some central tendency 
appears in all sets in that Categories 
and 10 were used less often than 
Category 5, But this tendency is less 


100 


80 


60 
S 
© 
ù 40 
20 
o 
2 ae 8 10 "? 
SLIDES NUMBERED FROM 
MONOCHROMATIC END 
~, H slide 
Fic. 2. Errors in judgment of each all 
arranged in pairs of sets by distance from t 
monochromatic slide. 


(Each point represe” 


the number of errors in 120 judgments.) 


^ 
x — iy 
- 


END ANCHORING AND 


TABLE 3 
FREQUENCY OF MIDDLE AND END JUDGMENTS 


AND CORRELATIONS BE STIMULI 
AND JUDGMENTS FOR EACH SET 
Frequency of Judgment 
Set x r 


1 65 76 .86 
2 59 75 .78 
3 41 73 ri 
4 39 70 50 
5 H 70 .69 
6 41 68 74 
7 54 68 .96 


apparent at the anchored ends of the 
anchored scales. A general statement 
that would apply to all these data, 
including the unanchored Set 4, is that 
the categories at unanchored ends of 
scales of judgment are used with less 
than average frequency. 

Since the central tendency of judg- 
ment has been interpreted as a mani- 
festation of the lack of perfect correla- 
tion between judgments and stimuli 
(Guilford, 1954; Johnson, 1955), the 
correlation coefficients are also shown 
in Table 3. These correlations are 
consistent with the F ratios of Table 2 
in showing close agreement between 
judgments and stimuli for those sets 
in which strong anchoring effects were 
predicted. With the exception of Set 
3, there is an inverse relation between 
the magnitude of the correlation 
coefficients and the amount of central 
tendency. 


DISCUSSION 


The data for Set 4 demonstrate that 
end anchoring does not always occur. 
This set of stimuli was the same as the 
other sets in which end anchoring did 
occur except that neither end of Set 4 
was salient. The results agree with the 
subjective-standard hypothesis and make 
it more specific. 

The monochromatic stimuli, Slides 0 
and 36, were the best anchors in this 
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experiment. Anchoring effects were pro- 
gressively smaller when Slides 1 and 35, 
with one dot of a different color, and 
Slides 2 and 34, with two dots of a 
different color, were the end stimuli. 
The obvious interpretation is that a slide 
with one contrasting dot out of 36 is less 
salient than a monochromatic slide and 
that a slide with two contrasting dots 
is less salient than a slide with one. The 
evidence does not refute this interpreta- 
tion, but the comparisons graphed in 
Fig. 2 suggest the possibility that the 
monochromatic slides were the subjective 
standards selected as anchoring stimuli 
for all sets, even for the sets in which 
these slides did not appear. Since S in 
an absolute-judgment experiment fre- 
quently anticipates stimuli that he has 
not seen, an end stimulus beyond which 
no other can be anticipated would be 
exceptionally salient and would thus 
supply a strong anchor for one end of the 
scale of judgment. Blumenfeld (1931) 
noted the anchoring effect of an imagi- 
nary straight line on judgments of the 
irregularity of scattered points, and Hunt 
and Volkmann (1937) demonstrated the 
effect of “the most pleasant color you can 
think of" on judgments of the pleasant- 
ness of colors. Thus it is reasonable that 
the anchoring effects of end stimuli with 
one or two contrasting dots are due to 
their close relations to the monochro- 
matic stimuli, even if the latter are not 
actually seen. Since this is a secondary 
effect, it would not be as strong as the 
primary effect of the visible monochro- 
matic end stimuli. This interpretation 
would also account for the fact that 
Slides 2 and 34 were judged more accu- 
rately when they were in the same set 
with Slides 0 and 36 than when they were 
the end stimuli. 

The central tendency of judgment has 
two manifestations: The middle judg- 
ment categories are used more often than 
the end categories, and stimuli of low 
value are overestimated while stimuli of 
high value are underestimated. Both 
effects reflect the lack of perfect correla- 
tion between judgments and stimuli, and 
any condition that makes it easier for S 
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to associate judgments consistently with 
stimuli will raise the correlation and re- 
duce the central tendency. One such 
condition is end anchoring, which ties 
one end of the judgment scale to one end 
of the stimulus series. When there is no 
anchor, as in Set 4, the correlation is low 
and the regression of judgments on 
stimuli deviates from the diagonal line 
of r — 1.00. A straight-line fit to the 
medians shown in the graph for Set 4 
would approximate the regression line for 
r= .50. Thus the median judgment of 
the stimulus at one end was 2.25 rather 
than 0, and of the stimulus at the other 
end 7.50 rather than 10. Correspond- 
ingly, the end-judgment categories, 0 and 
10, were used only 39 and 45 times, rather 
than 60. When one end of the scale was 
well anchored, this regression tow 
middle did not appear 


end. But the graphs fo 
and 6 de 


ard the 


the data of Table 
effect in another 


It is a safe generaliz 
anchoring reduces the c 
At the unanchor 
scale of judg 
toward the 


ation that end 
entral tendency, 


nts regress 


categories are used with less than average 
frequency. 
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RELATIVE SIZE IN ISOLATION AS A STIMULUS 
FOR RELATIVE PERCEIVED DISTANCE ! 


WILLIAM EPSTEIN axp STEPHEN S. BARATZ 


University of Kansas 


2 experiments examined the perceived relative distance produced by 


relative > in isolation. 
of physical s 
difference in distance. Ex 


The hypothesis was that S assumes identity 
and interprets the difference in apparent size as a 
periment | examined this hypothesis by 


observing the effect of experimentally trained size assumptions on 


subsequent relative distance judgments. 
familiar objects which had known, normally invariant ph 


By varying the actual phy 
study the hypothesized e 


al siz 


y ss of the standards it 
{fect of size assumptions on relat 


Experiment 1I used pai 


of 


s. 


possible to 
e perceived 


distance. The results of Experiment | did not agree with the hy- 


pothesis. E 


Relative size is a stimulus correlate 
of perceived relative distance. The 
object which subtends the smaller 
visual angle appears more distant. 
This is the case when all other stim- 
ulus correlates, e.g., motion perspec- 
tive, are eliminated, as well as under 
unrestricted conditions of viewing. 
One explanation of the effects of rela- 
tive size under restricted conditions of 
Observation is suggested in the follow- 
ing definition of the relative-size cue: 
For a given ratio of visual angles, assuming 
the ratio of physical sizes determines the ratio 
of distances. If the assumed sizes are equal, 
the object subtending the larger visual angle 
appears nearer and the one subtending the 
small appears farther [Ittelson, 1960, p. 69]. 


This definition proposes that the effect 
of relative size is mediated by the sub- 
jective assumption of identity. Ames 
(1946) has expressed this view suc- 
cintly: “You presume identity of size 
... from similarity, and use the 
appearance of difference (in size) as an 
indication of distance [p. 46]." Two 
experiments were conducted to ex- 
amine this hypothesis. 

1 This work was supported by Research 
Grant MH 04153-03 made to the first author 


by the National Institute of Mental Health 
of the United States Public Health Service. 


periment 1l did confirm the hypothe 
ments were discussed in the context of the assumptive 


Both experi- 
hypothesis. 


XPERIMENT I 
Method 


General.—The first stage consisted of a 
training procedure designed to establish 
strong associations between the color of a 
target and its physical size. The intention 
was to train S to assume the size of the target 
from observation of its color. In the second 
stage, pairs of equidistant colored targets were 
presented under reduced conditions of ob- 
servation, and S reported their relative 
distance. The size and color of the targets 
were systematically varied in a manner 
designed to reveal the effect of the earlier 
training on the judgments of distance. 

-Apparatus.—A modified version of the 
table used in earlier experiments (Epstein, 
1961, 1963) was the main apparatus. This 
apparatus allows the standard and comparison 
objects to be presented in separate fields. The 
standard field can be viewed only monocu- 
larly, while simultaneously the comparison 
field is viewed binocularly. The standard 
alley contained two light boxes whose centers 
were 28 cm. above the table top (approximate 
eye level) and separated laterally by 22.5 cm. 
forming an angle of 10? with S as the vertex. 
The faces of the boxes were in S's frontal 
plane at a distance of 150 cm. from the view- 
ing aperture. The standard squares were 
inserted in holders in the faces of the boxes. 
Under the experimental conditions, only the 
standard squares were visible in the standard 
alley. The comparison alley was well lighted 
and contained two tracks which formed an 
angle of 10° with S as the vertex. Riding on 
each track was a cart which carried an ir- 
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TABLE 1 


SizE-CoLoR CoxjuNcrioNs LEARNED 
BY THE EXPERIMENTAL SS 


Size (In.) of Square during Training 


Color of 
d Subgroup Subgroup Subgroup 
1 
2 
Blue, yellow 4 1 h 
ed, brown 2 n E 
range, green 1 


regularly contoured nonsense form. „The two 
forms were equal in area but were differently 
Shaped. By pulling two strings S was able 


rms. 
S head was re. 
-clamp arrange- 
U^ 


Colors were used: y 


ellow, 
orange, and green, 


Subjects.—Forty.two students from an 
Introductory Psychology Course served as Ss 
30 of whom 


size and/or 
instructed to Point to the 


encourage S to 

color conjunctions, 
Objective evidence that S learned these con. 
junctions was provided by a test of free recall 
following the last trial. There Were three sub- 
groups of 10 Ss, Each group learned a differ- 
ent set of color-size conj i 


f DJunctions, The plan 
is shown in Table 1. combining the data 
for these subgroups any effects of col 


Over, 1962) would be 
among the variou 
Immediately following 


the training task S 
began the second stage. i 


1S consisted of 4 

relative distances 
of the members of 20 pairs of Squares. The 
into three cate- 
h both members 
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sical size 

categories but were the = cun aie 
when presented. (3) Five trials Ai ROS 
members of the pair were from c deu 
categories and also differed in DS nats 
when presented. Table ee E S tesa 
description of illustrative trials 

assification. «D 
a S was instructed to Sp ea of 
mediate impression of the relative bs etri 
the squares. The main part of th 
tions was as follows: 


s. 


n t its 
I will designate a square by iin, on cut. 
color and I would like you to move re (left 
Which is on the same side as the xe which 
or right) to a position along the ia square. 
is the same distance from youast ja po 
Then I will ask you to set ae ie 
Nonsense form so that it is at t pes is the 
distance in relation to the first form as 


ed 
st colored 
Second colored square to the first 

Square, 


scend- 
Each S made one ascending and one be^ 
ing Judgment of the distance of eac ‘rials 5 
members of each pair. On half the nd on 
matched the right-hand square first ra hari 
the other trials he matched the lel ht) o 
Square first, The position (left Sh eaves 
the members of each pair was varied be 


ps idi in random 
Ss. The20 Pairings were presented in r: 
order. 


At the conclusi 


each experiment 
tion of the col 
learned in the 


s 
on of the distance judgments 
al S was tested for then? he 
or-size associations ro^ 

preliminary training. 1 ar 
Was shown a Series of six black cardboa 


squares which duplicated the dimensions t^ 
the standards, and he was asked to design ize 
the color which was associated with each $ 
during the training, 


1 the 
© Procedure for the control Ss was 


Same except that the first stage was omitted. 


Results 


Inspection of the data did not sere 
any systematic effect of direction ) 
Judgment (ascending or descending 
9r order of judgment (left or de 
Square matched first) on the ap 
radial Separation of the pind 
Therefore, the results for these con Š 
tions were combined. Table 3 show 


he 
Ne mean apparent distances of t! 
Standards 


-—-—€———u» Un YS 
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TABLE 2 
SCHEMATIC DESCRIPTION OF A SAMPLE OF TRIALS AND THE THEORETICAL EXPECTATIONS 
Leít Square Right Square Predictions» 
Class | —— 
Size Trained* | Size Presented Size Trained Size Presented | Assumptional Visual Angle 

L L i, 1 RF RF 
1 I S 1 L RN RN 
2 I L 1 L RN E 
2 L I l 1 RN E 
2 L S I S RN E - 
3 L | I I E RF 
3 S E 1 1 E RN 
3 I L S I RN LN 


^L = large, I = intermediate, S = small. 


b RF = right square farther; RN = right square nearer; LN = left square nearer; E = squares equidistant. 


remaining 12 trials are not given.? In 
every case the results for the trials 
which are omitted were consistent 
with the data for the reported trials in 
their respective classes. 

The predictions in the two right- 
hand columns of Table 2 have been 
labeled assumptional and visual angle. 
The assumptional predictions are 
those derived from the theoretical ac- 
count of relative size described in the 


? Extended versions of Tables 2-5 which 
include the data for all the trials have been 
deposited with the American Documentation 
Institute. Order Document No. 7861 from 
ADI Auxiliary Publications Project, Photo- 
duplication Service, Library of Congress, 
Washington, D. C. 20540. Remit in advance 
$1.25 for microfilm or $1.25 for photocopies 
and make checks payable to: Chief, Photo- 
duplication Service, Library of Congress. 


introduction. The visual-angle pre- 
dictions are made entirely on the basis 
of relative visual angle, disregarding 
the presumed influence of assump- 
tions. Introducing assumptional con- 
siderations on Class 1 trials does not 
lead to predictions which differ from 
those based on visual-angle relation- 
ships alone. However, on the trials in 
Classes 2 and 3 the assumptional hy- 
pothesis leads to predictions which 
differ from those derived solely by 
taking into account the difference in 
visual angle. A comparison between 
the expectations presented in Table 2 
and the data in Table 3 shows that in 
every instance the outcome was pre- 
dictable entirely on the basis of 
relative visual angle. 


TABLE 3 
MEAN APPARENT DISTANCES OF STANDARDS FOR THE TRIALS DESCRIBED IN TABLE 2 
Experimental Ss (V = 30) Control Ss (N = 12) 
Class E 
Left Square | Right Square |^PBarent Radial] Left Square | Right Square Apparent Radial 

1 133 153 20 114 161 47 
1 185 128 57 197 127 70 
2 136 137 1 122 128 6 
2 154 153 1 156 156 id 
2 183 183 183 189 6 
3 131 159 28 116 159 43 
3 185 157 28 189 149 40 
3 130 156 26 122 160 38 
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Table 3 also shows that the out- 
comes for the experimental and con- 
trol Ss were similar. The only effect 
of the pretraining seems to have been 
a reduction in the magnitude of the 
relative size effect for the experimenta] 
Ss. The mean difference in the per- 
ceived distance of the standards was 
smaller for the experimental Ss on 17 
of the 20 trials. The difference be. 
tween the overall mean separations 
for the 20 trials for the two groups w; 
significant, ¢ (18) = 5.64, p< 01, 
The diminution of the difference in 
perceived distance cannot be con- 
strued as evidence of the influence of 
assumptions. In fact on the trials in 
Class 2 the diminution contradicts the 
assumptional expectations, In gen- 
eral, the smaller Separations which 
were obtained after the Pretraining 
Were not related to the assumptional 

thesis in any Systematic manner, 


The test of retention of the trained 
Size-color conjunctions yielded un. 
equivocal results, All Ss exhibited 
complete retention, 


as 


EXPERIMENT II 


Experiment I tried 
specific assumptions ex 
by training S with the st 
is possible, however, tha 
dure failed to achieve its purpose, 
The training period was relatively 
brief, and may have been insufficient 
for the purpose of establishing a 
stable, compelling color-size entail- 
ment. It is true that Ss exhibited 
perfect retention of the Size-color con- 
junctions; however, the possibility 
remains that these conjunctions were 
not sufficiently overlearned to become 
spontaneously operative during the 
distance judgments. [n addition, the 
color of an object is not normally a 
reliable prognostic indicator of Size. 
This may have vitiated the effects of 


to establish 
Perimentally 
andards. [t 
t this proce- 
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the training procedure. For Ne 
reasons an experiment was appe L a 
to examine the influence of wo > 
tions which S may be ie ripa 
have developed through —À 
frequent everyday commerce wit 
standards. 


Method 


as the same 

A pparatus—The apparatus E ed used 
as in Exp. I except that the light Meg In 
to display the standards were remo ed at à 
Exp. II the standards were mountec ak 
distance of 135 cm. and illuminated Wy ed 
focused beams of light which were restric 
to the surfaces of the standards. kids 
Materials —There were nine ecd 
each a photograph of a dime, quarter, or p 

ollar. ich coin was represented ies 
normal size, and also in the s of eet dd 
other coins: €.g., the quarter was reducec [d 
the size of the dime and enlarged to the T 
of the half-dollar, The diameters of a el 
dime, quarter, and half-dollar arc 1.7,2.5,a 

7" cem., respectively, 

Subjects Thirty two new students ton 
the same undergraduate population W hic 
served in Exp, I were the Ss, 

Procedure.—Relative-dist 
of 23 pairs of stand. 


ance judgments 
ards were obtained ON 
ing the procedure of Exp. I. The pane 
may be classified in the same way as 1 
Exp. I. There were 9 pairings in Class. K 
9 in Class 2,and5in Clas A sample of the 
Pairings is represented in Table 4, The letters 
H, Q, and D represent the half-dollar, quarter, 
and dime Photographs, respectively. ue 
three sizes, large (normal, half-dollar size), 
intermediate (normal, quarter size) and sma! 
(normal, dime size) are represented by the 
^ l, and S, respectively. The 23 pair- 
to each S in one of four 


Mferent random Orders. In addition, the 
fol owing three variables were counter 
a'anced: temporal order of ascending Ah 
descending judgments; lateral position of Ed 
Standard judged first; and the lateral positior 
of each Standard, 
Results 
Table 4 rec 


ords the two predictions 

The Pairings in Classes 
2 and 3 are of Special interest since the 
Introduction of assumptional consid- 
erations leads to expectations which 
differ from those dictated by visual- 


for each trial. 


A eee SS wae Yog 
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angle relationships. As an example 
Pairing 3c in Table 4 may be ex- 
amined. In terms of relative visual 
angle HL should appear closer. How- 
ever, if S assumes that the relative 
physical sizes of H and D correspond 
to their real-life relative sizes, then the 
larger than usual apparent size of D 
relative to H will cause DI to appear 
nearer than HL. For convenience, 
the data in Table 4 have been recorded 
in two columns labeled Left and 
Right. The means in the Left column 
represent. the apparent distances of 
the left-hand. members of the pairs 
listed in the Pairing column and the 
means in the Right column represent 
the apparent distances of the right- 
hand members. Thus for Pairing 1a 
DS appeared at 176.71 cm. and DI at 
125.62 cm. Since the position of each 
coin was varied between Ss, the 
designations left and right in Table 4 
do not refer to the location of the 
standard. 

The results shown in Table 4 are as 
unequivocal as those obtained in Exp. 
I. However, whereas Exp. I failed to 
provide evidence for the influence of 
assumptions, the results for all seven 
critical trials in Classes 2 and 3 of 
Table 4 support the assumptional hy- 


pothesis. This was also true for the 
remaining seven trials in Classes 2 
and 3. 

A supplementary analvsis provided 
additional support for the assump- 
tional interpretation. If the differ- 
ence in the perceived distance between 
standards is mediated by assumptive 
factors, then the magnitude of the 
difference should be determined simi- 
larly. As an illustration, Pairing 2b 
may be compared with Pairing 2a (see 
Table 4). In both cases the assump- 
tional hypothesis predicts separation 
while visual-angle considerations sug. 
gest equidistance. However, on closet 
consideration it will be apparent tha: 
the assumptional view also demand: 
that the difference in perceived dis 
tance for Pairing 2b be greater that 
for Pairing 2a. This follows, in th 
most general way, from the fact tha 
the discrepancy between assumed aní 
actual physical sizes is greater fo 
Pairing 2b. Table 5 shows a sampl 
of the 12 comparisons which we! 
made. In order to make these con 
parisons more convincing we hay 
compared trials which presented tl 
same visual-angle relationships. Tab 
5 shows that the results for all tl 
comparisons confirmed the requir 


TABLE 4 
SAMPLE OF PAIRINGS PRESENTED iN Exp. I]: THEORETICALLY REQUIRED 


AND OBTAINED REL. 


TIVE DISTANCE 


Predictions Obtained Apparent Distance 
Class Pairing t 
Assumptional Visual Angle Left Right 

la DS vs. DI DI nearer same 176.21 125.62 10.56* 
1b DI vs. DL DL nearer same. 148.18 119.56 7.22" 
2a c £ D nearer equidistant 150.53 193.84 7.95% 
2b DS vs. HS D nearer equidistant 151.12 213.34 9.48? 
2c DI vs. QI D nearer equidistant 127.96 158.15 5.90" 
2d DI vs. HI D nearer equidistant 130.59 177.40 6.14" 
3a QI vs. DS equidistant Q nearer 147.71 154.03 0.35 
3b I equidistant H nearer 152.43 157.68 1.18 
3c D nearer H nearer 159.56 133.21 3,39 


Note.—Letter subscripts in class designations are used to distinguish pairings within the same class, 


**p < 0i. 
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TABLE 5 


PREDICTED AND OBTAINED APPARENT RADIAL 
SEPARATIONS FOR COMPARISONS 
BETWEEN PAIRINGS 


Obtained Radial Separations 
Predicted Radial 


8 res 
te » ie Es 

EISE Pairing DA. Pairing rati 

IL 
51.09 3a 6.32 

S35 | tb |22] 3 | oe 

2b > 2a 2b 62.22 2a | 43.31 

2b > 2c 2b | 62.22] 2c 30.19 

2d > 2c 2d 46.81 2c 30.19 


ments of the assumptional hypothesis, 

The same was true for the re 

seven comparisons, 
Especially convincing are two spe- 


uded in Table 5, 
Ons between Pair. 
ing QI vs. QL and Pairin 

and between Pairing HS vs. HI and 
Pairing DS vs. HI. I 

assumptiona] h 


maining 


^ These expecta- 
tions were confirmed. 


Dīıscussron 


The two experiments Produced con- 
flicting results. It might be argued that 
the pretraining task in Exp. I failed to 
modify the long established assumptions 
to the ex- 
"Nevertheless, in 
dings are con- 
clusions about 
ust be restricted 
ative objects of 
nection it is im. 
ne relative per. 


the role of assumptions m 
to the case of represent, 
known size. In this con 
portant to note that tt 
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E ; 
ceived distance cannot rere. 
treating each standard as if iae diee 
presented alone. If the formu a deis 
by Epstein (1963, p. 261) from t ie Ep- 
size-apparent distance dew Mrs 
stein, Park, & Casey, 1961, pp. 5 Eid 
isapplied to each member of the path the 
pair the outcome does not agree wi i 
judged distances obtained in the li fact 
experiment. This occurs despite t kably 
that the formula provides V apes ^ 
accurate predictions for the vy ira 
single standard is presented (Ep vm 
1963). Evidently the Simultaneous: a 
ence of two standards affects the I 
ceived distance of each. ally 
If the pretraining in Exp. I n 
did modify S's assumptions anoni 
identity, then there remains the ent 
problem of accounting for the consis ily 
unidirectional results which are nc 
obtained with nonrepresentational star s 
ards. Alternative resolutions are us 
hard to formulate; however, they do EE 
appear promising, As an example, co 
sider the minimum principle (Hochberg 
1957) which has been successfully applies 
to other instances of depth perception i 
Which S shows a Preference for one a 
several alternative Perceptual outcomes 
all of which are equivalent in terms of k^ 
retina] stimulation (e.g., Hochberg s 
Brooks, 1960). This is the principle tha 
the perceptual System decodes the sum 
ulus imput in accordance with the re- 
quirements of informational economy: 


the present problem, w 
ple implies that if severa 
€pts are possible, then E 
Percept which requires the least Mem 
information to specify will have th 
ighest probability of occurrence. in 
order to apply this Principle a ranking is 
needed of the a ternatives in terms of me 
i ich is required to specify 
each one, Tt is difficult to see the basis 


These authors 
, r 

' On a conscious O 
ion 

vel, make the assumptio 


assert that § 


must 
subconscious le 
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of identity in order that the reported 
perceptual experience occur. This view 
depends ultimately for its validity on 
evidence of the functioning of assump- 
tions independent of the perceptual re- 
sponse which is presumed to be the 
consequence of these assumptions. This 
evidence is not available. In the absence 
of such data all that one can say is that S 
responds as if he were making the as- 
sumption of identity. In this formula- 
tion the hypothesis is considered to be 
explanatory but not necessarily descrip- 
tive of the psychological processes which 
mediate the effect. "Therefore, its valid- 
ity will depend on successful prediction, 
rather than demonstrations of the reality 
status of the identity assumption. 
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oncepts varying in level of difficulty. For each 
= ae id. Persis Were positive, 4 negative, Ss matched the 
ERU, s ihe response appropriate for the positive (negative) instances 
"i eps nce of having learned the concept. A group which Was 
wal Ft EE in such probability matching showed slightly im- 
ee ept performance; prior training with random information 
eo to rend concept learning, Reversal of th € 
eoi for positive and negative instances interfered with perfc 
hen Ss had learned the concept only to a low level 
with mastery of a well-learned concept. 


omance 
; it did not interfere 


Mandler and Cowan (1962) have effects of differe 
reported that in a situation Where the 
ostensible task requires one particular 
response for a number of different 


involving probability. matching on 
concept learning, and by comparing 
probability. matching during the ac- 


quisition of Concept tasks of varying 
age, emit that response at the required difficulty, 


Finally, the effect on 
requency. Such Probability match- concept learning of response reversal, 
i not yet which leaves the Nature of the concept 
solved the task. These da 


nt kinds of prior tasks 
ta sug- unchanged, Will be examined, 
gested two parallel learning 


Processes ; 
Ss learn how frequently a particular METHOD 
response is required (probability. 


s Tasks.—The ma in con- 
matching) and they also learn when structing the concept tasks was that they 
that response js required (event should vary in difficulty, and that the response 
matching). In the Mandler and i it not only correct re- 
Cowan study it appeared that prob- Sponding in line With the event information 
also permit responding 
cture without attending 
en i j to the event information, 
ability matching was more likely to T i were constructed: 
"ut. On each task 
in. cards on the 
ed the instances of 
e back of Which were 


The present Study will extend that 
finding by examining trial-by-tria] 
learning of concepts—an aspect of 


c : 1 i ative instances, The 
concept learning that has received Ss w ired | k at the front of a card 
relatively little attention (cf, Hunt, ark j cil whether the inal 
istincti twe - They then looked 

I è 
1962). The distinction between "d he back ang Went on to the next card. 
ability matching and event matching ; trial was defined as SIX successive cards 
will be explored by investigating the iuntaining four Positive ang two negative 

* ins; ances, 
1 This research was supported in part by 


n as : The same three dimensions w 
Grant GB-810 from the National Science the th E ub e 
Format. and by Grant APA-37 from the © tree tasks, They were: 
National Research Council, Canada. 


re used for 


1. Letters of the alphabet; A BCDEF 
Nowat University of California, Berkeley, 2. Number of letters: 12345 T 
&Now at Goucher College. Type: Pper and lower Case, 
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task all three dimensions 
Four of the 


For the Easy 
were relevant and redundant. 
letlers, four numbers of letters, and one type 
were positive instances id the nega- 
tive instances were the other two letters, two 
numbers, and type. In addition the same 
letters were paired with the same numbers. 
For example, for a particular S the following 
positive instances appeared on each trial: 
5 upper A's, 1 upper C, 6 upper Ds, + upper 
Fs; and negative instances: 3 lower Bs, 2 
lower Es. In order to learn the concept, S 
could identify the four relevant letters, or the 
four relevant numbers, or the one relevant 
type. Twenty such "trials" were randomly 
selected and used for the 20 Ss in each sub- 
group who were given the Easy task 

For the Medium task, only letters and 
numbers were relevant and redundant, For 
this task a concept is defined in two trials (12 
cards) with type varying across the two trials. 
Fifteen such sets of two trials (12 instances 
were selected with five of them repeated to 
produce 20 concepts for 20 Ss. 

It should be noted that for the y and 
Medium tasks the same instances were re- 
peated in each trial or two trials, respectively. 
The order of instances within trials was ran- 
domized with the additional restriction that 
no instance ever occurred twice in succession. 

For the Difficult task only one dimension 
was relevant, namely number of letters. This 
concept is defined by four of the six numbers 
always being positive instances and the other 
two negative, and 72 cards (12 trials) are 
needed to define the concept. Here again 15 
combinations were selected, with 5 of them 
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repeated to produce 20 concepts for 20 Ss. 
1t should be noted that repetition of instances 
occurred only after 12 trials (72 card 

During response reversal the stimulus 
cards remained the same but the response 
requirement of check marks for positive and 
no check marks for negative instances was 
reversed to check marks for negative and no 
check marks for positive instances. 
Experimental design. —The design of the 
study is shown in Table 1. Within each of the 
three concept groups, independent groups of 
Ss received three kinds of prior experience. 
The Information (Inf) groups learned the con- 
cept without prior experience. They received 
24 trials on the concept (Stages | and 11) fol- 
lowed by 12 trials of response reversal. The 
Blank (Bl) groups were first given 12 trials 
(Stage 1) with cards with blank fronts, but 
check marks on the back just as the regular 
Inf Ss. During this stage Ss had to predict 
check marks without any additional informa- 
tion, i.c, they were given prior probability 
matching. The Random (Ra) groups, during 
Stage I, received 12 trials with information on 
the front of the cards identical to that given 
to the Inf groups, but with check marks as- 
signed to the cards at random, except that 
within each trial of six cards there were still 
four check marks and two non-check-marks. 
Phese Ss thus were given prior random ex- 
perience. All Bland Ra groups were switched 
to their respective concept tasks at the be- 
ginning of Stage Il and following 12 such 
trials they were switched to 12 trials of re- 
sponse reversal in Stage IHI. 

In addition to these nine groups (three 


TABLE 1 


EXPERIMENTAL DESIGN 


Concept Problem in Stages of 12 Trials (72 Cards) 
. N Concept N 
Experimental Group Level 4 
Stage I Stage Il Stage III 
I ae Easy 20 Easy Easy Easy Reversal 
normation: (Inf) Medium 20 Medium | Medium | Medium Reversal 
Difficult 20 Difficult | Difficult | Difficult Reversal 
Blank Easy 20 Blank Easy Easy Reversal 
Blank (B1) Medium 20 Blank Medium | Medium Reversal 
Difficult 20 Blank Difficult | Difficult Reversal 
Ra 5 Easy 20 Random | Easy Easy Reversal 
andom (Ra) Medium 20 Random | Medium | Medium Reversal 
Difficult 20 Random | Difficult | Difficult Reversal 
I ; Easy 20 | Easy EI = 
nformation Control (Inf C) Mein 20 | Medium RE = 
Difficult 20 Difficult = — 
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concepts with three types of prior activity) 
of 20 Ss each, three additional groups were 
run—the Information Control (Inf C) groups. 
These Ss were given one of the three ADS 
tasks just as the Inf groups, except that d e 
responses required for positive inssupses 
(check marks) were used for negative in- 
Stances, and those required for ced i. 
stances (non-check-marks) were pia f Ss 
Positive instances. Tee A d 
i ials for Sta Uim 
E aen Ss were 240 students ‘aking 
introductory psychology VENUE at the € 
Versity of Toronto. Seventy-five ,Per cen 
were female and 25% male, and this Propor- 
tion was maintained in all experimental 
roups. Twenty Ss were assigned at random 
to each of the 12 experimental groups, 
Procedure.—' The Ss were run in groups of 
60, i.e., three experimental groups at a time, 
Each S was given a pack of 216 cards (except 
for Ss in the Inf C groups who only received 
72 cards). The instructions Were essentially 
the same as those used by Mandler and Cowan 
(1962). The operative i 
that they were to try to i 
back of a card had a check 
They were told that some 
Check marks and some not, 
cards might have material pri 
and some not, and that t 
attention to the materia] o 


70 
9— 9 MEDIUM 
so 9——0 DIFFICULT 
D © RANDOM 
50 Aa BLANK 


B 45 us 


MOVING BLOCKS oF THREE TRIALS 
Fic. 1, Frequency 
24 trials of t e Inf groups on thr 


and to placea line on the front if they believed 


there was no check on the back. They were 
paced at a rate of 7 sec. per card by E telling 
them when to turn over a card, look at the 


back, look at the next one, predict, and so 
forth. Since all 216 cards were in one deck, 
Ss were given no warning when the task 
changed from one stage to another. 


RESULTS 


Concept learning.—The three upper 
curves in Fig. 1 show concept learning 
for the 24 trials of Stages I and II 
for the three Inf groups (Inf Easy, 
Inf Medium, and Inf Difficult). The 
ordering of the three learning curves 
is as expected. An overall analysis of 
variance was performed on the first 12 
trials of concept learning for the four 
experimental groups (Inf, Bl, Ra, and 
Inf C) under three concept conditions. 
This analysis compares Stage | on 
Inf and Inf C with Stage II of Bl and 
Ra. While the difference among con- 
cepts (Easy, Medium, and Difficult) 
was highly significant, (2, 228) 
= 44.6, 5 < 001, the four groups do 
not differ significantly, F (3, 228) 
=174,p< -25, nor is the interaction 
between groups and concepts signifi- 
cant. The effect of prior experience 
will be examined in detail below. 

The two bottom curves in Fig, 1 
show the performance during Stage I 
of the Bl and Ra groups, with the 
three concept groups combined in this 
case. During this stage, i.e., prior to 
concept learning, B] and Ra are es- 
sentially identical, but both groups 
show a significant learning effect, 
F (11, 1254) = 2.56, p < 91. 

Probability matching during concept 
learning. —The upper curves of Fig. 2 
Show the frequency of the check-mark 
responses (probability matching) for 
the Inf Easy, Medium, and Difficult 


as for the Bl and Ra groups during 
It is clear that all three con- 
Cept groups reach asymptote before 


| 
| 
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ACHI 


PER CENT OF CARDS CHECKED 


EASY 
MEDIUM 
DIFFICULT 


RANDOM 
BLANK 


100 


75 


so 


25 


SjIo3rgns JO LNI9 M3d 


1 3 5 7 9 n" 


13 15 7 19 EI 


MOVING BLOCKS OF THREE TRIALS 


Fic. 2. Frequency of check-mark responses (probability 


matching) for 24 trials (Stages 


I and 11) of the Inf groups on three concepts (Easy, Medium, and Difficult) and for 12 trials 
(Stage I) of the Ra (Random) and Bl (Blank) groups (upper curves); and percentage of Ss 


in the three Inf groups giving perfect probability 


curves). 


perfect event performance is reached 
(cf. Fig. 1). The Inf Easy group 
reaches 6795 by Block 4, the Inf 
Medium group by Block 10, and the 
Inf Difficult group reaches 6695 by 
Block 17. The difference among 
these three groups is significant, 
F (2,57) = 5.53, p < .05. 

It could be argued that these aver- 
age levels of frequency matching need 
not necessarily reflect probability 
matching on the part of individual Ss. 
'The lower graph in Fig. 2 addresses 
itself to this question. It shows the 
percentage of Ss, in each of the three 
Inf concept groups during Stages | 


matching (four check marks) per trial (lower 


and ll, producing four check marks 
and two non-check-marks on any 
given block of trials. The data show 
that 50% of the Ss in the Easy con- 
cept group match check-mark fre- 
quencies during the first block of 
trials, reaching close to 100% by the 
last blocks. For the Medium and 
Difficult concepts the increase is from 
about 25% to about 75%. The 
question to be raised is whether more 
Ss per trial match the probability 
structure than match the event struc- 
ture. Obviously, in the Easy concept 
the level of probability matching is 
high because the level of event match- 
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ing is high (cf. Fig. 1) and when .Ss 
have solved the task, they match the 
frequency of check marks by defini- 
tion. On the other hand, during the 
last 12 of the Medium and Difficult 
concept trials only 56.6% of the 480 
S-trial units (12 trials for cach of 40 
Ss) show perfect event matching, 
while 67.095 show perfect probability 
matching. Asa statistical test of this 
finding, each of the last 12 trials for- 
the Medium and Difficult concepts 
was given one score for the number of 
Ss (out of 20) who gave completely 
correct event-matching responses and 
another score for the number of Ss 
who matched the probability Structure 
perfectly. An analysis of variance 
Showed a significant finding for the 
difference between event matching 
(M = 11.3 Ss Der trial) and prob- 
1 :4 Ss per 
trial), ¥ (1, 23) = 41.93, p < .0001, 
ever, assign four 
ly one trial by 
y of this event in 
224 trials contributed by Ss who had 
not yet mastered the concept was 
compared with the chance expectancy 
derived from the binomial distribu- 
tion. The data showed that prob- 
ability matching occurred in 32.6% of 
these trials, compared with a chance 
expectancy of 23.4%, x? (1) = 8.05, 
P < 01. 


group is consistently and significantly 
below that of the BI group, F (1, 114) 
= 8.90, p < -005. 

Mandler and Cow 
found that Probabilit 
more quickly atta; 
difficult the task was. 
however, difficulty of 
rectly related to the 
more frequent respons 


an (1962) had 
Y matching was 
ned the more 
In that study, 
tasks was di- 


*. When the 


identical task was used in two groups, 
but one group used a check mark as 
the more frequent response while the 
other used non-check-mark as the 
more frequent response, it was found 
that the group using check marks 
learned the correct response better 
and showed lower response frequency, 
ie., they did not match the prob- 
ability structure. This held for two 
comparisons, when the more frequent 
response occurred 67% or 8395. In 
the present study, the three Inf C 
groups were added specifically to test 
this finding. It will be recalled that 
these three 8roups are identical with 
the Inf groups except that the re- 
sponse requirement is changed from 
6776 check marks to 67% non-check- 
marks. A comparison of these three 
Sets of groups showed a failure to 
replicate the finding of the previous 
study. The Comparable Inf and Inf 
C groups did not differ consistently 
or significantly With respect to 
either probability matching or concept 
earning. 

Prior experience and concept learn- 
ing.—Figure 3 shows, for each of the 
three concepts, 12 trials of concept 
learning of Stage | of the Inf groups 
and Stage II of the Bl and Ra groups. 
The overall ranking of the three ex- 
perimental groups is the same on all 
Concepts—B] first, then Inf, followed 
by Ra. The Probability that such an 
ordering obtained with one set of 
three. independent groups could be 
replicated by chance by another two 
Sets is 1/36 (b = .03). While the 
overall analysis of variance failed to 
show any significant effects for groups, 
the BI groups are significantly better 
than the Ra &roups, F (1, 114) = 4,36, 
P «£05. Tn terms of number of Ss 
reaching criterion of two Successive 
Derfect trials the data show superior 
Performance of the BI Ss, 53.3% of 
whom reach criterion as against 36.7% 


K 


519 


CONCEPT LEARNING AND PROBABILITY 


pwu Ajrrqeqoad). sosuodsas preur-[ou» 


SWINL SaYHL JO SMOOTE INANON 


e à | 4 0 6 @ 4 9 C t € 2) O 6 8 


pans 55 NA 
NU ndis uc 8 
4C v 


J; 


S3SNOdS3Y 
19388409 LNSD NH3d 
g 8 
€— 


WOONVH 0———o 


XNV1IS e----- o 
il NOILVWYOSNI e———e 
v 
m 
D 
Q os 
2z | 
ma Pe esos 
TO o « / M ate 
omn Nl a oa 
$ [2] 2: OO O-.9 90 9-e. e. 
m I = 
OB a 
E 
> JINJA wnia3aw 
D 
ES 


Lø 
d 
f 


3 


R 


8 


S3SNOdS3N 
1934409 1N39 H3d 


-sdnoi3 


S3SNOdS3H 
MBVIAMO3HO 3O LN39 Yad 


j 5 : k BeIS) Seny ZI 3529 ay s}də2u0ə 9014} JO yora 10} ‘SJAM 3Y} 1oddn 
z Ig eq 4e 983e1S) FZ-ET SIE! ue sdno4 ju] aya 40y (1 330S y ay} uo sj wq jou 
Ig 244 405 (]] 23015) FZ-ET seu. P jo pur ‘saaana oo Jao] ur '(urqoyeur yuara) sasuodso: 3901109 JO Aouonbarj 'g “Old 


e-9 9-9-9-06 
o-o 9^ 


90 


a 


9— —9 INFORMATION 
O—0 RANDOM 
[o O—O BLANK 


SES 
PER CENT CORRECT RESPON 


60 


100 


MEDIUM 
A So © 
w” 6 
"P 
r 
i 


80 


o 


y^ 
[n] o-9 
BOW... -o7 
J ü mo 


d pitisapH s 
n- E 
p" Y Ponce 
[a] 
os s 
Bi ya A 
[9] [9] 
60 Pá 


PER CENT CORRECT RESPONSES 


50 


90 


DIFFICULT 


70 


50 


PER CENT CORRECT RESPONSES 


EEEE '23 45 6 
PRE- REVERSAL 


rect performancı 


e hree Concepts for th 
to (prereversa]) and follow 


sponse requirement, 
520 


e Inf, Bl, and Ra groups 
ng reversa] of the re. 


| 


Lo i 


CONCEPT LEARNING AND PROBABILITY 521 


of the Ra and Inf .Ss, X: (D) = 4.60, 
p «.05. There were no interactions 
between these groups and difficulty 
of the concept. 

Inspection of the probability-match- 
ing curves in Fig. 3 shows that the Bl 
groups maintain a high level of 
asymptotic responding, which is not 
the case for the Inf and Ra groups on 
the Medium and Difficult concepts. 
The high level of probability matching 
on the Easy concept is, of course, at 
least in part forced by the high level 
of event matching for this concept. 

Response reversal.—Vigure 4 shows 
the performance of all nine experi- 
mental groups (three concepts and 
three prior learning conditions) during 
Stage II (prereversal) and Stage IlI 
(reversal). For the Easy concept 
there is a very rapid recovery to pre- 
reversal levels upon change of the 
response requirement. For the Me- 
dium and Difficult concepts, however, 
all three groups show a decrement in 
performance following response re- 
versal. Performance on the last two 
trials of Stage I] (prereversal) was 
compared with performance on Trials 
2-12 of Stage IlI. Trial 1 of Stage 
III was eliminated since on this trial 
Ss did not yet know that the response 
had been reversed and would neces- 
Sarily make a large number of errors. 
While there were no differences among 
the Inf, Bl, and Ra groups as a whole, 
the Easy concept showed that only 
42% of the Ss performed worse follow- 
ing reversal, while 56% of the Ss on 
the Medium and Difficult concepts 
Performed worse following reversal, 
xX (1) = 8.45, p < .01. 


DISCUSSION 


The data show that Ss will learn the 
Frequency of a response prior to learning 
Correct event matching, i.c, when and 
Where that response is to be made, and 
thus bear out the previous findings of 


Mandler and Cowan (1962). However, 
contrary to a suggestion contained in 
that study, level of probability respond- 
ing varied directly with task difficulty, 
such that the more difficult the task the 
lower the level of the frequency response 
and the later asymptote is reached, 

Frequency matching without event 
information (the Bl group) was about at 
the same level as that exhibited during 
performance of the Easy task (Inf Easy), 
However, the more difficult the event 
information the lower the level of the 
frequency response. This deterioration 
of probability matching with the addition 
of event information is also suggested by 
the behavior of the Ra group. Here 
random event information resulted in a 
frequency response significantly below 
that of the BI group. What might be the 
case is that the kinds of hypotheses that 
Ss developed on the basis of the event 
information frequently diverge from the 
probability structure of the task and thus 
lower matching behavior, If we assume 
that asymptotic Probability matching is 
ascribable to Ss’ uses of sequential hy- 
potheses that reflect the frequency of the 
input, then the addition of concept hy- 
potheses might result in some deviation 
from asymptotic levels. 

Prior experience with probability 
matching apparently had a slight effect 
in improving subsequent concept attain- 
ment. The effect of prior training with 
a random task apparently was a lowering 
of performance on the concept task. The 
most obvious explanation would suggest 
that Ss’ failures to find a satisfactory 
hypothesis during the random trials is 
likely to interfere with their attainment 
of the correct hypothesis, i.e., the 
concept. 

Reversal of the response requirement 
resulted in deterioration of concept per- 
formance on Medium and Difficult con- 
cepts. In other words, at a low level of 
concept attainment, response reversal 
affects conceptual behavior. When, as 
in the Easy concept, the concept rule 
has been well learned, response reversa] 
has practically no deleterious effect on 
performance. This finding suggests that 
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the mastery of the mediating rule deter- 
mines in part how well reversal shifts can 
be accomplished. When the conceptual 
rule is well established, a reversal of 
previously learned responses does not 
interfere with its application. 

The data on concept learning and 
Probability matching indicate that these 
two processes can be separated and that 
they do go on concurrently. It should be 
noted that matching probabilities results 
in some improvement in event-matching 
performance. How much such improve- 
ment occurs is indicated by the quasi. 
learning curves for Stage I of the BI and 
Ra groups (Fig. 1) where correct predic. 
tions do increase as the probability- 
matching curve approaches asymptote. 

Either probability matching or event 
matching will yield better than chance 
success. When no other alternative is 
available to Ss (as in the BI and Ra 
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groups) probability matching alone will 
occur and produce improved perform- 
ance. When both response principles are 
available, however, Ss apparently will 
match the probability structure as well 
as engage in the more efficient event- 
matching behavior. Thus it was shown 
that, prior to mastery of the two more 
difficult concepts, probability matching 
occurs more frequently than event 
matching and more frequently than 
would be expected by random production 
of the check-mark responses, 
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UNCERTAINTY, INFERENCE DIFFICULTY, 
AND PROBABILITY LEARNING ! 


CAMERON PETERSON axb Z. J. ULEHLA? 


University of Colorado 


On the basis of information provided by a cue. 


of criteria would occur. 
experimental task. 


inferred which of a set 


2 different problems were studied using this 
Problem | evaluated the effects of 4 different 


information-theory variables upon 5 different measures of inference 


difficulty. 


Difficulty of inference increased with increased uncertainty 


cT Sa Bigi 
of the criteria not resolved by the occurrence of the cue. Problem i 
studied the relations between 3 different. conditional probabilities 


associated with the most frequently occurring criterion. I i 
eded the corresponding probability o 


probability approximated or c 


Response 


occurrence, which in turn exceeded the corresponding subjective proba- 


bility. 


A single experiment investigated 
two different problems involving the 
relation between quantitative meas- 
ures of the stimulus situation and de- 
pendent performance. These prob- 
lems are treated separately in both the 
introduction and the results sections. 


Problem I 


An important application of in- 
formation theory to psychology is its 
use as a mathematical model for 
predicting difficulty of stimulus iden- 
tification. The general hypothesis is 
that, as the uncertainty of a stimulus 
increases and thus as the amount 
of information-processing activity re- 
quired to identify the stimulus in- 
creases, performance in the identi- 
fication of a stimulus deteriorates. 

upporting this hypothesis are the 

!The research reported here was under- 
taken in the Behavior Research Laboratory, 
nstitute of Behavioral Science, University of 

olorado, and is Publication No. 35 of the In- 
Stitute, This research was supported by a 
Research Grant (M-4977) from the National 
Institute of Mental Health. Grateful ac- 
*nowledgment is made by the authors to 

R. Hammond and F. J. Todd for valuable 
Suggestions and to D. Derrer and R. Lehman 


Or their assistance in the conduct of this 
experiment, 


? Now at the University of Denver. 


findings that: latency from stimulus 
presentation to stimulus identification 
is generally a lincar function of the 
uncertainty of the stimulus (Brainard, 
Irby, Fitts, & Allusi, 1962); accuracy 
of pattern reproduction and pattern 
identification decreases as pattern un- 
certainty increases (Attneave, 1955); 
and language reproduction decreases 
as the uncertainty of the words in- 
creases (Miller & Selfridge, 1950). 
Taken together, these various types 
of performance decrement support 
the general hypothesis that stimulus- 
identification difficulty increases with 
stimulus uncertainty. 

However, much information proc- 
essing goes beyond stimulus identifica- 
tion to the use of the stimulus in 
making inferences about future events. 
Such tasks may be termed inference 
tasks. The basic paradigm for an 
inferential task is that an .S observes 
the occurrence of a cue and, on the 
basis of the information provided by 
the cue, predicts which of a set of 
criteria will occur. Justas the amount 
of uncertainty associated with a stim- 
ulus determines the diffculty involved 
in identifying it, so may the uncer- 
tainty associated with the inference 
task determine inferential diffculty. 


523 


524 


Problem I concerned an extension of 
the uncertainty-difficulty hypothesis 
from stimulus identification to in- 
ferential tasks. A zR. 
In a typical stimulus-identification 
task, information is provided from the 
environment in a single step at the 
time that the stimulus event occurs, 
In an inference task as described 
above, the information is provided in 
two steps: (a) when the cue occurs, 
and (b) when the criterion occurs. 
Thus there are two forms of uncer- 
tainty in an inference task, one con. 
cerns which cue will occur and the 
other concerns which criterion will 
occur. As in the stimulus-identifica- 
tion task, cue uncertainty, H (Cue), is 
completely resolved upon occurrence 
of a cue. Criterion uncertainty, 
H (Criterion), on the other hand, may 
be resolved in connection with both of 
thesteps. If cues provide information 
about which criteria will Occur, part 
of H (Criterion) may be resolved upon 
Occurrence of a cue; the remainder 
cannot be resolved until the occur- 
rence of the criterion, The Portion of 
H (Criterion) resolved upon occurrence 
of the cue is defined as information 
transmitted from Cue to criterion, 
T (Cue; Criterion) ; the remaining un- 
certainty is defined as conditional 
criterion uncertainty, H (Criterion | 


, there are several interre- 


Criterion) 
ue; Criterion) 
In pursuit of 
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inference difficulty. Some of the 
measures, as in the case of stimulus 
identification, focus on performance 
decrements; other measures involve 
evaluation of difficulty by Ss. Speci- 
fically, five measures of difficulty were 
used in this experiment: (a) propor- 
tion of predictions of the event having 
the highest frequency of occurrence 
(maximizing), (6) proportion of pre- 
dictions which turn out to be correct 
(hit rate), (c) reaction time, (d) Ss’ 
rankings of difficulty, and (e) Ss’ 
confidence in the accuracy of their 
Predictions (confidence). These diffi- 
culty measures combine apparent face 
validity with operational divergence. 
his experiment tested the effect of 
each of the four uncertainty measures 
upon all five measures of difficulty. 


Problem II ! 


Orderly relations have been 
Served between certain probabilities 
associated with the most frequent of a 
set of alternative events: z, the rela- 
tive frequency of occurrence; P(R), 
Proportion of trials on which S pre- 
dicts the most frequent event; and 
P(S), Ss’ estimates of the probability 
of the most frequent event. In very 
simple probability-learning situations, 
asymptotic P(R) has repeatedly ap- 
proximated or slightly exceeded 
(Edwards, 1961). In other experi- 
mental situations, P(S) proved to be 
underestimates of m (e.g., Attneave, 
1953). If these two relations were to 
characterize the same experimental 
Situation, then à third relation is 
implied—P (R) must exceed P(S). 

long with investigating Problem I, 
this research sought, as Problem II, to 
determine if these three relations 
would characterize Several levels of m 
ina complex learning situation, As 7 
varies, will P(R) approximate, per- 
haps slightly exceed, r, and will P(S) 
be exceeded by both? 


ob- 
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METHOD 


A single experiment was designed to 
furnish measures relevant both to Problem I 
and to Problem II. In order to do this it Was 
necessary to vary, as independent variables, 
the uncertainty measures mentioned above 
and, at the same time, to va 7. Dependent 
variables included the five difficulty measures 
involved in Problem | and P(S) and P(R) 
involved in Problem 11. 


Subjects 


The 16 Ss were paid university students. 


Apparatus 


The apparatus included numerous decks of 
cards, a device for eliciting normalized sub- 
jective probabilities, and a device for measur- 
ing reaction time. 

The basic apparatus for a single learning 
trial consisted of a 1} X 2 in. card. The face 
of each card was either White, red, yellow, 
or blue, with color serving as the cue variable 
for all learning tasks. The four possible cri- 
teria for a given trial (card) were listed on the 
colored face, with a small box to the left of 
each criterion in which .S marked his predic- 
tion with a pencil before viewing the correct 
criterion on the back of the card. The eight 
criterion variables used with their respective 
outcomes were Cars (Chevy, Ford, Plymouth, 
and Rambler), Names (George, Mike, Sam, 
and Ted), Letters (a, m, p, and t), Verbs 
(kick, run, strike, and throw), Nature (grass, 
lake, rock, and tree), Nonsense Syllables (dax, 
nef, yim, and zuk), Clothing (blouse, coat, 
hat, and shoe), and Animals (cow, deer, horse, 
and sheep). 

The apparatus for obtaining normalized 
Subjective probabilities consisted of a 23-in. 
rod marked in hundredths. Movable markers 

Unctioned to divide the rod into four different 
Sections. Each of the four sections on the rod 
represented the probability of occurrence of 
ne of the four criteria about which S made 
* probability estimate. The entire rod 
Tepresented a probability of unity; thus the 
Sum of the four mutually exclusive sections 
automatically summed to unity. oe 

e apparatus for measuring reaction time 
enabled the cue side of a card to be presented 
to S. The presentation of the card started a 
timer which was stopped by a voice micro- 
Phone when S verbally predicted which cri- 
terion was on the back of the card. Thus, 
Teaction time was equivalent to latency be- 
tween cue Presentation and .S's prediction of 

€ criterion. 
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Procedure 
Ex perimental conditions.—Problem 1 and 


Problem II together required the manipula- 
tion of five independent variables: H (Cue), 
(Criterion), T(Cue; Criterion), Æ (Criter- 
ion|Cue), and z. The combination of the 
lirst three variables in a factorial design, by 
"ppropriate variation in cue-criterion fre- 
quencies, resulted in the manipulation of all 
five variables. This 2 X 2 X 2 factorial de- 
sign created the eight different cue-criterion 
frequency matrices which served as the experi- 
mental conditions. These frequency matrices, 
along with the corresponding values of each 
independent variable, are shown in Table 1. 

H (Cue) was varied by .19 bit; H (Criterion) 
and T (Cue; Criterion) were each varied by 
approximately .71 bit. Since H(Criterion| 
Cue) equals H (Criterion) minus T(Cue; Cri- 
terion), it was also varied, in each of two steps, 
by .71. The small variation in H (Cue) as 
compared with the other uncertainty variables 
was required in order to permit the unlikely 
cues in the low (Cue) matrices to occur on 
an appreciable proportion (1) of the trials. 

These variations of the joint cue-criterion 
frequencies made in conformance with the 
demands of Problem I also yielded the three 
indicated levels of 7, thus providing addi- 
tionally a manipulation of the independent 
variable of Problem II. In this experiment 7 
will refer to the conditional probability of 
most frequent criterion, given the cue. 

For each S the joint cue-criterion fre- 
quencies of each matrix in Table 1 were em- 
bodied in a deck of 320 cards. In order to 
minimize individual differences as a source of 
error variance, each S concurrently performed 
in experimental conditions represented by all 
eight matrices. In order to minimize transfer 
effects between conditions, a different one of 
the criterion variables described in the ap- 
paratus section was used for each condition. 
Any effect attributable to the differences 
among these criterion variables was minimized 
by counterbalancing the assignment of cri- 
terion variable to uncertainty conditions 
across Ss. Each 320-card deck, embodying 
one condition for one S, was divided into four 
quarters, each retaining the prescribed cue- 
criterion probabilities as closely as possible. 
Within each quarter, the decks were shuffled 
to induce a nonsystematic order of presenta- 
tion. The first quarter furnished the cards 
for Blocks 1 and 2, the second quarter, Blocks 
3 and 4, and so forth. 

Response measures.—The procedure was 
divided into two stages: group sessions and 
individual sessions. All but two of the 
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TABLE 1 
"E EQUENCIES IN CUE-CRITERION MATRICES EMBODYING 
posse — INDEPENDENT VARIABLES 
Low T (Cue; Criterion) High T (Cue; Criterion) 
Low H(Cue) High H (Cue) Low H (Cue) High H (Cue) 
24 72 14 42/48 48 28 28|36 108 4 0 m " s 2 
L 32 0 2 014 o 4 “ola 5 20: 0 82. 
Criteri 14 42 24 72|28 28 48 48] 0 12 36 108 a $3 5 $ 
H (Criterion) 9 eus o4 edd ae S 
1.81 2.00 1.81 2.00 
H(Citerion) 1.28 1.29 E E 
T (Cue; Criterion) ids E ra 82 
A entenon |Cue) 250 zi 4s A 
8 
16 18 8 39| 32 12 16 20 |24 0 2 42/48 0 42 
High 10 48 6 24|20 32 12 16 n 2 E d 23 2 E. ; 
iteri 8 30 16 1 b 20 32 12 2 2 4 
H (Criterion) 3 E E. 16 S489 ca 251554 
Cue) 1.81 2.00 1.81 2.00 
TACuiterion) 1.99 2.00 1:98 2:00 
T (Cue; Criterion) .09 ‘09 ‘80 o 
H (Criterion | Cue) 1.90 1.91 1.19 1.20 
ii A a -60 ‘60 


response measures w 
sessions. Since it see 
tain reaction-time a; 
during group sessio; 


ere obtained in group 
med impractical to ob- 
nd confidence measures 
ns, these measures were 
obtained during a final block of trials during 
which Ss were run individually, 
Throughout the group sessions, 
given 10 cards from each of his eigh 
completed this set of 80 cards bef 
given the next set. During each trial, S (a) 
selected a card, (b) marked his prediction of 
which criterion would occur, and (c) observed 
the criterion. The Ss were instructed that 
their Primary task was to attempt to predict 
correctly the criterion on the back of each 
were further informed that the 
the correct criterion was color. 


each S was 
t decks and 
ore he was 


encies had 
Each of the 


using the subjective apparatus 
described above, S was instructed to 
the rod into four 


rtion as his sub- 


jective probabilities w 
four alternatives. 

With each of the eig 
the subjective cond 


ere partitioned for the 
Obtained in connection 
ht criterion variables was 
itional probability distri- 
bution of the criterion variable, given each of 
the cues. Also at the completion of each of 
the eight blocks, each .$ ranked the eight 
tasks in terms of difficulty, thus yielding the 
difficulty ranking measure relevant to Prob- 
lem I. 

At the completion of eight blocks of trials; 
Ss participated individually in a supplemen- 
tary block of trials during which reaction time 
and confidence in prediction were measured. 
The following procedure was used for each 
trial. First, S was told which criterion bae 
able would be used. Second, the cue side o 
an appropriate card was presented to S in the 
reaction-time apparatus, starting the timer. 
Third, 5 verbally predicted which criterion 
Was on the back of the card, stopping the 
timer with the voice microphone. Fourth, 5 
indicated his confidence in the correctness of 
his prediction by setting a single marker on 
the subjective probability apparatus. Fifth, 
S was told which criterion was correct. b 
Procedure was repeated for each of the ud 
trials. The instructions stressed the impor 
tance of accuracy over speed. 


pe^ 
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TABLE 2 


ATION OF THE 
RTAINTY MEASURI 


PARTIAL PRE 
Us 


ALYSIS OF VARIANCE OF THE E 
UPON Five DirricuLty MEASU 


cr or THREE 
RES 


Difficulty Ranks 


| 
Hits | Maximizing | Confidence Reaction Time |(Friedman Test) 
Source - -— — | - 
df | F df | F | df | r | df | F df x 
H(Cue 1| 489* |1 fil 325 |1| 1.33 1 | 3.06 
II (Criterion) 1 [3z5:4***]| 4 1 |43.85*** | 1 | 17.78*** | 1 | 16.00*** 
T (Cue; Criterion) 1 | 79.33***| 1 | 36.12***| 1 | 11:56% 1| 7.17* | 1 |10.56** 


*p» «03. 
ee xL. 
Dd « 001. 


RESULTS AND DISCUSSION 


Problem I 


The purpose of Problem I was to 
discover the relation between cach of 
the four diflerent measures of un- 
certainty and the five different in- 
dicators of inferential difficulty. The 
significance tests summarized in Table 
23 include, as sources of variance, the 
three variables constituting the main 
effects of the factorial design : H (Cue), 
H(Criterion), and T (Cue; Criterion), 
The fourth uncertainty variable, 
H(Criterion| Cue), is not itself in- 
cluded as a source of variance because 
it is an additive combination of the 
last two of the included sources. In 
order to employ a procedure that was 
both conservative and consistent, each 


* A complete description of the analyses of 
Variance and Friedman tests performed can 
be found in Peterson and Ulehla (1963). 


effect was tested by using the Effect 
X S MS as the error term. Because 
rankings possess only ordinal scalar 
properties, Friedman tests were sub- 
stituted for an analysis of variance to 
evaluate the significance of the effects 
upon Block $8 difficulty rankings. 
Friedman x*s were calculated indi- 
vidually for cach uncertainty variable 
by first collapsing to median ranks 
across the other two uncertainty 
variables. 

A common pattern emerged from all 
five difficulty measures. As shown in 
Table 2, effects of H(Cue) never 
reached the .01 level of significance; 
with one exception, effects of H (Cri- 
terion) and Z'(Cue; Criterion) ex- 
ceeded the .01 level for all five 
dependent variables. Figure 1 and 
Table 3 indicate that the significant 
effects are strong and that inferential 
difficulty increases as H(Criterion) 


TABLE 3 


MEAN CONFIDENCE IN ACCURACY OF PREDICTION AND REACTION TIME 
AS A FUNCTION OF UNCERTAINTY CONDITIONS 


H(Cue) H(Criterion) |7(Cue; Criterion)| H(Criterion|Cue) | Reaction Time Confidence 

x Low High Low .739 .820 
Ert ees High Low . -723 .811 
Low Low Low I ntermediate TS .652 
High Low Low Intermediate .825 .630 
Low High High Intermediate .821 .604 
High High High Intermediate | .883 571 
Low High Low High .934 500 
High High Low High | 956 483 
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increases and/or as T (Cuc; Criterion) 
decreases. 

All five difficulty measures, as 
shown in Fig. 1 and Table 3, segregate 
themselves into three levels. These 
three levels correspond to the three 
levels of H(Criterion|Cue) which 
resulted from the factorial design. 
H(Criterion| Cue) is independent of 
(Cue), the factor which appeared to 
have no effect ; it is mathematically an 
additive combination of (Criterion) 
and T (Cue; Criterion) and empirically 
appears to combine the strong effects 
of these factors. 

The lack of effect of H(Cue) is 
subject to qualification because of its 
low experimental variation relative to 
the other uncertainty components. 
Subject to this qualification, a simple 
generalization can be drawn from this 
experiment. Of the four uncertainty 
measures conside: *! in the introduc- 
tion, M (Criterion | Cue) is sufficient to 
account for the variance in inferential 
difficulty. 

The important uncertainty of an 
inference task does not appear to 
include the uncertainty concerning 
which cue will occur, but rather the 
uncertainty remaining about which 
criterion will occur after information 
has been provided by the cue. As this 
conditional criterion uncertainty in- 
creases, S takes longer to make his 
decision, is less likely to make the 
optimal prediction, expresses “justi- 
fiably" less confidence in his predic- 
ton, and concludes that the task is 
more dificult. The Sis also less likely 
to be correct in his prediction, = t cw 
's in part due to the lessened pre 
vircability of a more uncertain en 

Ninent, 


; "hy should the conditional uncer- 


ta . B B * 
fon Of a set of events impair predic 
ks everal types of explanation 


are c l 
n Possible, Since increasing the 
Certainty of a set of alternatives 
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typically flattens their probability dis- 
tribution, the discrimination of which 
alternative is most likely becomes 
more difficult. Insofar as optimal be- 
havior is learned through reinforce- 
ment, learning may be impaired 
because flattening the probability dis- 
tribution of the events. leads to a 
smaller differential of reinforcement; 
that is, less frequent reinforcement of 
optimal predictions and more frequent 
reinforcement of suboptimal predic- 
tions. Finally, the level of Success 
which is achievable through optimal 
behavior is limited by z which will 
typically vary inversely with uncer- 
tainty, as in this experiment. 


Problem IT 


The results, as summarized in Fig. 
2, confirm the three relations betw 
probabilities suggested in the in 
duction. First, Block 8 P( 
mated or slightly exce 
sponding values of r. 
case where z — .60 did 
reach even the .05 level of Significance 
(t = 2.27). This result extends the 
frequent probability-learning finding 
to a more complex experimental 
situation. 

Second, Block 8 P(S) was signifi- 
cantly lower than the corresponding z 
at each r level (i's, all of which exceed 
the .01 level of confidence, equaled 
3.83, 3.22, and 6.12 for «'s of .90, 
-60, and .40, respectively). This re- 
sult broadens the empirical base of 
the generalization that P(S) under- 
estimates r. 

Third, P(S) was significantly less 
than the corresponding P(R) through- 
out all eight blocks of trials (F = 65.57, 
P < .001). This result confirms an 
implication of the conjunction of the 
first two findings. Insofar as subjec- 
tive probability means that probabil- 
ity expressed by S, a methodological 
implication is that response prob- 


een 
tro- 
R) approxi- 
eded corre- 
Only in the 
the difference 


ability should not be used as an 
unmodified measure of subjective 
probability. me 
Although response probabilities and 
subjective probabilities are not equal, 
response probabilities did account for 
roughly 30% of the variance in sub- 
jective probabilities which was not 
accounted for by event probabilities. 
A stable average partial correlation of 
55 between subjective and response 
probabilities with event probabilities 
held constant characterized the last 
half of the eight blocks of trials. This 
correlation analysis was based on all 
conditional probabilities, not only 
those associated with the most fre- 
quent event. . 
Thus, fairly complex inferential 
behavior was shown to bear orderly 
relations to mathematical properties 
of the environment. This experiment 
extended two quantitative areas of 
research, the first area relating 
information-theory measures of the 
environment to adequacy of perform- 
ance, the second area relating condi- 


tional probabilities of the environment 
to those of behavior. 
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GROUPING BASED ON PHENOMENAL PROXIMITY 


IRVIN ROCK Axp LEONARD BROSGOLE ! 


Yeshiva University 


The question was raised whether the Gestalt law of grouping by 
proximity is based on proximity of 


proximity in phenomenal space. 


stimuli on the retina or perceived 


To tease apart these 2 possibilities an 


earlier experiment of Corbin was repeated in which the stimulus array 


is tilted back into the 3rd dimension. 


By including a measure of con- 


stancy for the perceived distance between points it was possible to show 
in 2 experiments, that the crucial factor is phenomenal proximity. 


ions the G 


st 


This finding que 


The grouping of stimuli on the basis 
of proximity is one of the major 
Gestalt laws of the spontancous organ- 
ization of the visual field. Presum- 
ably, more proximal stimuli on the 
retina yield stronger forces of attrac- 
tion between their corresponding loci 
of excitation in the brain than less 
proximal stimuli. However, it has not 
been demonstrated that it is the 
anatomical closeness within the proxi- 
mal stimulus array which governs 
grouping. The only investigator who 
ever raised this question was Corbin 
(1942), who speculated that grouping 
may be accomplished on the basis of 
the perceived spatial relations between 
the points in a stimulus array, and 
that this phenomenally perceived 
proximity and retinal proximity, al- 
though usually coinciding, can be 
experimentally separated and thrown 
into conflict. 

Corbin's method was to present an 
array of illuminated points in the dark 
Seen as columns when in the frontal 
plane. A gradual lateral tilting of the 
Stimulus configuration into the third 
dimension progressively foreshortened 
the horizontal distance between the 
Columns as projected to the retina. 
Corbin reasoned that under monocular 


! The authors wish to express their ap- 
Preciation to John Ceraso for his helpful 
Suggestions during the course of this study. 


alt 
on certain objectively given feature 


issumption that grouping is based 


s within the stimulus. 
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viewing the amount of tilt required to 
produce a shift from a grouping of 
columns to one of rows could be pre- 
dicted in accordance with the actual 
projection of the image on the retina. 
Under conditions where the oblique 
plane of the points was made visible, 
however, the perceived distance be- 
tween the columns should remain 
more or less constant, and a grouping 
of rows should never be seen despite 
the severity of stimulus tilt—i.e., if 
grouping is based upon the perceived 
distance between points. 

Since a significantly greater tilt was 
required to produce a shift in the 
perceived organization when O could 
see the slant of the array of points, 
but a shift under these conditions 
nevertheless did occur, Corbin con- 
cluded that both retinal proximity 
and phenomenally perceived proxim- 
ity play an equally important role. 

The following experiments repre- 
sent an attempt to expand upon and 
refine Corbin's procedure. We hy- 
pothesized that if grouping is based 
upon phenomenally perceived prox- 
imity, the shift that Corbin obtained 
might have been due to the falling off 
of constancy, not to a limitation of 
the phenomenal factor in grouping. 
In order to test this hypothesis, we 
included a measure of constancy at 
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various angles of stimulus tilt, which 
Corbin had not done. 


EXPERIMENT I 
Method 


Apparatus.—The apparatus €— of 
luminously painted glass spheres of 3 in. in 
diameter, strung vertically and presented in 
adarkroom. They were 3 in. apart vertically 
and 4 in. apart horizontally so that when in 
the frontal plane all Os would see columns, 
The spheres were strung toa frame (30 in. in 
height and 40 in. in width) which could be 
swiveled about a vertical axis at its right end 
so that the array could be presented at any 
angle from frontal-parallel (0°) to 90° if 
desired. The degree of slant could be read off 
directly from a protractor mounted to the 
frame. In order to eliminate the contour 
formed by the total array of points as a factor 
which might affect constancy, Ss viewed the 
array through a 9-in. diameter circular aper- 
ture placed in front of it, Thus, regardless of 
the angle of the frame behind the aperture, 
S saw the array within a circular region, 

Procedure.—Observations were made under 
monocular conditions and binocular condi- 
tions ina totally dark room. The monocular 
condition was always presented first, since 

otherwise a memory effect yielding some 
degree of constancy might have carried over 
from the binocular condition and spuriously 
obtruded itself. 

The S was seated 10 ft. from the array. 
His head was centered in relation to the 
circular aperture. Foll 
and using either his | 
asked to respond to 
tion in terms of w 
rows. The instr 
periment as being 
It was explained th: 
be seen to fall eit 
and down, or row. 


(Corbin's 
to rotate the array 
ust as easy to see 
This method tends to en- 
courage the operation of sets and expectations 


—for example, the perceived grouping at the 
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outset may carry over and affect the grouping 
at a later moment. Also, searching for the 
point where it “is just as easy to sce columns 
as rows" may entail a difficult judgment € 
equivalence.) Following the monocu » 
grouping judgments, the array was again 
presented ; now at 0, 25, 35, 45, 55, 65, an 

of tilt in a prearranged random order and a 
distance judgment was obtained. The E 
specified two columns (those closest to the 
axis of rotation) and O was to note the hori- 
zontal distance between them. The array was 
then covered and O indicated when a i in. 
wide variable luminous horizontal line, 
located at a distance of 10 ft., appeared equal 
in length to the column separation. Only one 
grouping and extent estimate was requested 
per degree of tilt in each of the two conditions. 
For the distance judgments, ascending and 
descending trials were counterbalanced for the 
various angles of tilt. Following the distance 
judgments, the entire procedure was repeated 
using binocular vision. 

Subjects—Nine males and six females 
ranging in age from 15 to 57 served as Ss. 
The majority, however, were high school 
students. "Their mean age was 23.3 yr. All 
were naive as to the purpose of the experiment. 


Results 


Despite the random order of pres- 
entation, Ss were consistent in that 
they did not reverse their reported 
grouping at angles beyond the point 
at which they shifted to rows. Under 
monocular vision Ss saw the array 
columns until, on the average, it w 
tilted back to an angle of 43.0°, 
trigonometric computation, 
nal separation horizo 
points would e 


as 
as 
By 
the reti- 
ntally between 
qual the vertical separa- 
tion at 41.4°, Hence, the result shows 
little evidence of any constancy effect, 
as expected. Under binocular vision, 
on the other hand, the average posi- 
tion at which the shift occurred was 
53.3?, a value significantly different 
from the monocular value at the .01 
level of confidence. Figure 1 shows 
the number of Ss seeing a column 
organization at the different tilts for 
monocular and binocular vision. It 
may be noted that whereas almost 
all Ss in the monocular condition had 
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switched to rows by 45°, only one 
S in the binocular condition had 
done so. 

The distance measures correspond- 
ingly showed a continuous and signifi- 
cant decrease for cach successive 
increment of tilt from 0° to 75° under 
monocular observation (see Fig. 2). 
(The average of the SDs for the seven 
different tilts of the array was .47 in.) 
For binocular observation they did 
not show any appreciable change until 
the array was tilted back to 55° or 
more. (The average of the SDs for 
the seven tilts was .65 in.) (It will be 
noted that the average perceived 
distance between columns is 3.1 in.— 
binocular—or 3.4 in.—monocular— 
even at 0? whereas the objective 
distance between column dots was 
previously stated to be 4 in. The dis- 
crepancy is partly due to the fact that 
the objective distance is given center- 


12 


NUMBER OF SUBJECTS SEEING COLUMNS 


30 35 


25 


FIGURAL 


40 


ORIENTATION IN 


to-center whereas the judgments are 
no doubt made interior-to-interior. 
The latter distance measures 3.7 in. 
In addition there is probably some 
illusion of magnitude involved wherein 
the thin luminous line appears longer 
than an equivalent separation be- 
tween the columns of dots.) 

It is clear that with binocular vision 
Ss were to some extent able to take 
slant into account in perceiving the 
distance between columns. The fact 
that constancy falls off at 55° suggests 
that the lateral distance between 
points is no longer perceived to be 
greater than the vertical distance be- 
tween them. This would lead to the 
prediction that a grouping shift would 
occur at about this point. This is 
precisely what happened. Hence one 
cannot say that the shift presents 
evidence that retinal proximity as a 
determinant begins to become effec- 
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Fic. 1. Number of Ss seeing columns at each orientation of the array: Exp. I. 
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een columns at each orientation of the 


Fic, 2. 


array: Exp, I. 
tive at certain angles of tilt as Corbin good reason to avoid Presenting the Monocular 
contended Condition second in Exp. I, the criticism could 


be made that the results for the binocular 


condition were influence 
EXPERIMENT II 


d by Practice or the 
like. 
Method Subjects — Eight naive Ss, five males and 
three females, Served as Ss, T 
Procedure, —The Procedure was the same 


l'heir mean age 
^ vas 25.0 vr. 
as in Exp. I except for the following three Was 25.0 yr. 


modifications: 


1. In order to increase 
still further under binocul 
Permitted to view the arr 
cular aperture in front of it. 

n order to determine at 
between 


tion as wel] as for the horiz 


to the apparatus, 


3. The order of Presentation of 
ular and binocular Conditions w. 
balanced between Ss. Althoug 


the constancy effect 
ar viewing, Os were 
ay without the 


what point the 

the columns 
distance judg- 
for the Vertical sep: 


Ing of an adjustable Jų 


the monoc- 
as counter. 
h there was 


Results 


The effects disclosed by the first ex- 
periment were magnified through the 
adoption of the modified procedure. 

/hereas under monocular viewing a 
mean of 41,99 of rotation was required 
to produce the transformation in 
figural organization, 62.59 was neces- 
sary in the binocular condition. This 
difference was significant beyond the 
:01 confidence level. Figure 3 gives 
the results for grouping. 

As to the effect of order, although 
there only were four 5s in each sub- 
group, certain differences seem to be 
Suggested. When the monocular con- 
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dition was first, the shift occurred on 
the average at 43.759 while the shift 
in the binocular condition which 
followed was at 68.75?. When the 
binocular condition was first, the shift 
occurred at 56.25? and the shift for 
monocular viewing was at 40°. Thus 
both orders yield a large difference 
between monocular and binocular 
viewing, but the monocular-binocular 
order yields a greater difference, 
Comparing the two conditions which 
came first with one another reveals an 
appreciable difference, but the two 
conditions which came second show a 
difference of 28.759 in the üverage 
point of shift. It is not clear why the 
difference is exaggerated when the 
monocular and binocular conditions 
are second, but it would Seem to be 
due primarily to the greater effective- 
ness of binocular viewing when it 
comes second. 

As in the first experiment, con- 
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Fic, 3, Number of Ss sceing columns at each orientation 


stancy was found to prevail only under 
binocular viewing. Figure 4 gives the 
results of distance judgments, (The 
average of the SDs for the seven tilts 
of the array for monocular viewing 
Was .52 in. and for binocular viewing 
it was 48.) It is clear that under 
monocular viewing the distances be. 
tween columns were estimated more 
Or less in accord with visual angle, as 
Was the case in Exp. I. (Asa matter 
of fact the distance judgments under 
Monocular viewing in both experi- 
ments fell off at a rate somewhat 
greater than would be predicted on 
the basis of visual angle.) Under 
binocular viewing the distance be- 
tween columns did not show any ap- 
preciable departure from perfect con- 
stancy until at least 55?. (In general 
the tendency toward constancy was 
stronger in Exp. II than Exp. I for the 
more extreme tilts.) The Wilcoxon 
signed-ranks test was used for execut- 
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ing a series of multiple comparisons 
following the disclosure of significant 
main effects by the Friedman two-way 
analysis of variance. The .01 con- 
fidence level was pre-established as the 
region for the rejection of the null 
hypothesis. It was determined that 


under monocular viewing there was a 
significant decrem 
tude of the estimat 


ose offered 
as a signifi- 
stance esti- 
y successive 


ar condition 
those at 0°, 
n rows for 
vision re- 
throughout 
tance is less 
n.) As can 


be seen, the two monocular curves 


cross at approximately 40° indicating 

that at this angle the points were 
perceived as equidistant in each 
direction and this corresponds closely 
with the point of shift in grouping. 
For binocular vision, the points were, 
on the average, perceived as equi- 
distant in each direction at 62°, since 
the two binocular curves cross at 
about this point. This coincided with 
the point of shift in grouping. It is of 
significant import that not one S 
under either of the two conditions had 
shifted to a grouping of rows so long 
as the horizontal separation was 
Perceived to be greater than the 
vertical extent. 

o summarize these findings, where- 
as tilt produced a marked and con- 
tnued degeneration of horizontal 
extent judgments in the monocular 
condition, constancy prevailed in the 
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binocular condition in that the per- 
ception of distance was veridical 
throughout a considerable range of 
tilts of the array. "These differences 
in the perception of spatial relations 
coincided with predicted differences in 
grouping. 


DISCUSSION 


The results of both experiments are 
clear in showing that grouping is not 
based on the retinal distance between 
points. The principles of grouping play 
an important role in Gestalt theory. It 
was on the basis of these autochthonous 
principles that the field was held to be- 
come structured into discrete and segre- 
gated entities. Since an attempt was 
made at offering an alternative to em- 
piricism, it became necessary to specify 
completely objective unifying factors, 
such as proximity or similarity. Prior to 
any experience, then, these objective 
factors must operate because they de- 
termine the way in which the field will be 
organized. It, therefore, now comes as 
quite a challenge to this approach to 
discover that, at least in the case of one 
grouping factor, it is not the contiguity 
of elements within the proximal stimulus 
that governs the perceptual outcome. 
Rather, grouping appears to be based 
upon perceived proximity which is itself 
the outcome of complex organizational 
processes involving the central integra- 
tion of information about distance. The 
fact that Gestalt theorists played such an 
important role in promulgating the no- 
tion of perceptual constancy should not 
be allowed to confuse the present issue. 
When the array is tilted, the dots along 
the rows could be perceived to be farther 
apart than those along the columns 
because of constancy, but this does not 
require that O must see columns. In 
other words, regardless of how the spac- 
ing of the dots is perceived, the grouping 
should still be based on proximity be- 
tween the elements in the retinal image 
according to the Gestalt notion of 
grouping. 

We are left with an intriguing problem. 
Why should grouping occur on the basis 


of experienced proximity rather than 
retinal contiguity? One answer is that 
we learned that stimuli which appear 
closer together are usually part of a 
common unit—i.e., grouping by proxim- 
ity may be based on past experience as 
suggested by Brunswik and Kamiya 
(1953). If so, it would be paradoxical in 
that the grouping principles were in- 
tended as an alternative to theories which 
explain organized perception on the basis 
of past experience. Of course, the prob- 
lem remains of explaining how the 
common unit is itself perceived as a unit 
in the first place. 

Needless to say, it is quite possible that 
other principles of grouping are also 
based on phenomenal rather than ob- 
jective factors. For example, elements 
which are perceived as similar may be 
seen as part of one unit regardless of 
whether the corresponding proximal 
stimulus elements on the retina are ob- 
jectively similar. It is not too difficult 
to imagine how this could be tested. The 
same is true for certain other grouping 
principles. 

The findings concerning grouping are 
similar in certain important respects to 
those reported recently by Rock and 
Ebenholtz (1962) on stroboscopic move- 
ment. These authors raised the question 
whether the necessary conditions for 


stroboscopic movement entail change ek 


location of the siiis on Nhe vein las 
had been assumed to be the case) or 
change in the phenomenal location of the 
stimulus. They found the latter to be 
the necessary condition—apparent move- 
ment is seen even where there is no 
change in the locus of retinal stimulation 
so long as the stimulus is located in two 
separate places in space. Concerning 
both studies the question may be raised 
as to how "phenomenal" proximity or 
"phenomenal" location can be held to 
play a causal role in perception. The 
answer would have to be that the brain 
processes underlying such experience 
mediate the perceptual outcome. Never- 
theless, it is useful to speak of ''phe- 
nomenal” factors since there may be 
various stimulus conditions which would 
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lead to the same outcome provided they 
Share the feature of yielding the same 
experienced spatial relations. It is these 
experienced spatial relations—not spatial 
relations given in the retina—that seem 
to be crucial. In the case of stroboscopic 
movement, at least two different stimulus 
conditions yielded phi, although neither 
involved change of the retinal locus of the 
stimulus. Furthermore, if it should turn 
out to be correct that we have learned 
to see stroboscopic movement or learned 
to group by proximity, then it follows 
that the first step in the process is per- 
ceiving certain spatial relations. „Hence 
for the time being, it is convenient to 
refer to the necessary stimulus conditions 
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in phenomenal terms. Ultimately we 
shall want to go beyond this way of 
specifying the conditions. 
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ALPHA RHYTHM IN MAN 


R. ALBINO AND G. BURNAND: 


University of Natal 


Conditioning of the æ rhythm toa 
In 2 of these inspection of the re 
conditioning was observed in 4 Ss 


Radcliffe-on- Trent, England 


tone was attempted in 3 experiments. 
cords showed no conditioning. No 
to a kinesthetic stimulus. In a 3rd 


experiment 8 Ss were given 20 conditioning (CS tone) and 4 extinction 


trials with control on “attention.” 


Significant suppression of « rhythm 


occurred, but it was small and variable between individuals. The effect 


seemed to be due to conditioning te 
direct suppression by the tone. 


rhythm can occur but the Phenom 


The alpha rhythm, appearing in the 
brain of a man in a dark room, can be 
suppressed by illumination of the 
retina. This suppression may, it is 
believed, be conditioned to a neutral 
auditory stimulus (Jasper & Cruik- 
shank, 1937; Loomis, Harvey, & 
Hobart, 1936; Travis & Egan, 1938). 
The rhythm may, however, be sup- 
pressed by attention or by an in- 
struction to solve some simple prob- 
lem in mental arithmetic. It also 
fluctuates spontancously in 
individuals. 

This fluctuation and Sensitivity to 
attentive mental states compels cau- 
tion before assuming a stimulus to 
have become a conditioned suppressor 
of alpha rhythm. Any apparent con- 
ditioning might be no more than 
Suppression due to anticipation of the 
Stimulus, surprise at its appearance, 
Or at the sudden withdrawal of the 
illumination on the test trials. 

Shagass and Johnson (1943) at- 
tempted to control anticipation by 
telling S whether the light would 
appear or not. Whatever the in- 
formation given—even if false—the 
apparent conditioning persisted. It 
Seemed as if anticipation was unim- 
Portant for conditioning. 


many 


! The authors wish to thank R. Russell for 
Providing facilities for this work at University 
ollege, London. 


? the tone, temporal conditioning, and 
It seems that conditioning of the a 
enon is unstable and highly variable. 


Individuals vary greatly in their 
susceptibility to conditioning of the 
alpha rhythm. Shagass and Johnson 
(1943) in one experiment conditioned 
6 of 12 Ss, and in another (Shagass, 
1942) obtained the response in 7 of 
8 Ss. 

Even if the response is established 
it seems to be unstable. Loomis et al. 
(1936) only observed the effect a few 
times; Travis and Egan (1938) found 
only 34% of stimulus presentations to 
cause suppression; and Jasper and 
Shagass (1941a, 1941b) also found the 
response to be unstable. Not only is 
it unstable but it appears weak— 
Shagass (1942) found it necessary to 
use an index (.01 X Alpha Index 
X Amplitude Index) which would 
magnify any suppression present, a 
procedure inclining one to believe the 
effect to be small. Knott (1941), 
after careful examination of the evi- 
dence and experiments of his own, 
concluded that there was only tenta- 
tive evidence for conditioning. Since 
these early studies there have been 
others. These are well summarized in 
the 1955 Marseilles colloquium. All 
suffer from the defect that only 
selected trials are exhibited, and there 
is little evidence to show that the 
observed phenomena are stable and 
reproducible. For example, both 
Gastaut et al. (1957) and Mundy- 
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Castle (1958) failed to confirm results 
of Rousinov and Smirnov (195 7) 
which, from the reports, appear obvi- 
ous and reproducible. 

It is clear that the phenomenon has 
not been demonstrated beyond doubt, 
Nor has the role of other factors (such 
as attention) known to suppress the 
thythm been determined. The fol- 
lowing experiments were designed to 
help resolve some of this uncertainty, 
They attempt to control attention, 
use a simple measure of alpha rhythm 
(mean amplitude over a given period), 
and provide further information on 
the strength of conditioning, on its 
variation between individuals, and on 
its modification by attention. 

"Three experiments were performed. 
One is reported in full, the others are 
merely commented upon. Some ex- 
periments with individuals under vari- 
ous conditions are also discussed. 


METHOD 


Subjects.—All Ss were university students 
and most had some training in Psychology. 
Those selected had a consistent « rhythm of 
high amplitude, easily and surely suppressed 
by light. 

Apparatus.—Alpha rhythm was recorded 
on a four-channel Ediswan EEG. One 
channel was used to record alpha rhythm from 
left occipito-parietal electrodes. A second 
channel recorded Potentials from electrodes 
zygoma and bridge of the nose. 
hese potentials were taken as an index of 
eye movements. Other channels recorded 
stimulus Presentations, In all experiments S 
reclined semisupine in a chair. 


Procedure 


and each was gi 
Experiment 


—Four Ss in each of the 
three groups were 


given 40 conditioning trials, 
the intervals between trials varying randomly 
from 5 to 25 sec, The Ss of Group I were in- 
structed to relax, and those of Group II to 
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attend to the sound stimuli. l'or Groups T and 
I the stimuli were ordered as in Exp. I. 
Group III was given a rubber bulb and 
asked to squeeze it on command for 10 sec. 
This formed the CS. The UCS began 5 sec. 
after S was told to squeeze the bulb and ended 
when he released it. (Both CS and U CS were 
recorded parallel to the E -) The same 
Ss composed Groups I and III. . 
To estimate sensitization to the tone in 
Groups I and III, 10 trials with tone alone 
were given before the trials began and 
after the twentieth conditioning trial. 
Experiment III.—The CS was a tone (500 
€ps, through headphones) lasting 6 sec., and 
the UCS a light, just above eye level, illu- 
minated for 6 sec. beginning 1 sec. after the 
onset of the tonc. ich S had 20 conditioning 
trials and 4 extinction trials (tone alonc) 
Separated by an intertrial interva] of 23.5 sec. 
under each condition, far 
Both stimuli were controlled by a mechan- 
ical timing device, The stimuli, parieto- 
occipital EEG, and eye-muscle potentials were 
recorded. 
There were two groups of four Ss cach. 
Group I was instructed to look at the light 
and Group II "that they need not look at the 
light." Each S was tested under two condi- 
tions: far (D, with the lamp 6 ft. away from 
his eyes and near (n), with the lamp 9 in. 
away. To control order effects the n and f 
conditions were alternated (Table 19: 
The aim of this design is to control atten- 
tion and factors related toit. The instruction 
to Group I to look at the light presumably 
increases their attentiveness, Looking at a 
near light will, perhaps, on account of the 
need for sudden voluntary convergence, 
further increase attention. Thus, all Group I 
Ss may, if attention assists conditioning, be 
expected to condition more easily, and this 
effect should be more marked under the near 
condition, Conditioning should occur less 
easily in Group II, and least of all under the 
far condition. It should be remarked, how- 
ever, that attention may not be the only 
factor controlled. Both the increased lumi- 
nance of the near light and proprioceptive 
feedback from the muscles of convergence 
may also affect the a rhythm. 


again 


and near, 


RESULTS 


Inspection of the records in Exp. I 
(one O) and in Exp. II (two Os) 


showed no visible evidence of con- 
ditioning. 
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Because of the absence of visible 
evidence of conditioning in the records 
of Exp. I and II, the records of Exp. 
III were measured in order to disclose 
even small degrees of suppression. 
Each record of 20 conditioning and 4 
extinction periods was divided into 
consecutive 2-sec. periods, and the 
mean alpha amplitude determined for 
each of these. In a sequence of four 
such 2-sec. periods, the first would 
contain the first second of the CS and 
the second before this, and the three 
subsequent periods would cover the 
UCS (light) and the remainder of the 
tone. The mean amplitude in the 
intertrial periods was determined in 
the same way. 

Evidence of conditioning.—1f condi- 
tioning occurred, then the ratio of the 
mean « amplitude on the first extinc- 
tion trial to that observed in the 
preceding and succeeding intertrial 
periods should be less than unity. 
Table 1 exhibits these ratios. 

In 13 out of 16 instances the ratio is 
less than unity and it may be assumed 
that conditioned suppression of alpha 
rhythm did occur in response to the 
tone alone (p = .02, two-tailed bino- 
mial test). However, except in a few 
instances the suppression is small in 
amount. 

An analysis of variance of the table 
Shows no significant differences be- 
tween either Groups I and II or Cond. 
f and n, though the difference between 
Groups I and II approaches signifi- 
cance at the 5% level. It may be the 
case, therefore, that Group Il condi- 
tions more easily, which is contrary 
to the expectation that poor attention 
will diminish the likelihood of condi- 
tioning. Also, most conditioning was 
expected in Group I with the light 
near, whereas, in fact, less occurred 
under this than under the other condi- 
tons. It seems that attention in- 
hibits—or masks—conditioning. 


The observed suppression of a 
rhythm on the test trials could be 
attributed to a sensitization or similar 
effect of the tone alone. Such an 
effect would perhaps show itself by 
brief suppression near to the onset of 
the CS, whereas the suppression due 
to conditioning would be expected to 
appear later and nearer the point in 
time at which the UCS normally is 
presented. Thus, one would expect, 
if conditioning were present, to find a 
low a amplitude in that part of the 
extinction trial when the light would 
normally have been on as compared 
with intertrial a amplitude. To test 
this supposition the mean a amplitude 
over the first 2 sec. of the "light-on"' 
period and that during the preceding 
2 sec. intertrial and the first 4 sec. of 
the following four intertrial periods 
were measured. 

This was done for the first and last 
two extinction trials. These measures 
were compared with a hypothetical 
ranking which would be expected if 
conditioning had occurred—one in 
which the intertrial periods were 
assigned equal high ranks and the test 


TABLE 1 


RATIOS OF MEAN ALPHA RHYTHM ON First 
EXTINCTION TRIALS TO THAT 
ON INTERTRIAL PERIODS 


Light 
S* and Difference 
Group) "Order |——— ——,————| (t —3) 
Far Near 
te f, n 0.920 1.193 —.273 
I 2; In 0.357 0.225 .132 
3. n, f 0.852 1.025 =1273 
4. nif | 0.656 1.160 —.504 
5. f,n | 0.305 0.342 —.037 
If 6. f,n | 0.846 0.764 .082 
d.h | 0013 0.517 .196 
8.n,f | 0.654 0.391 263 


^ This column is identical in Table 2 and is, there- 
fore, omitted from Table 2. 
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TABLE 2 
SUPPRESSION OCCURRING LATE IN THE CS 
Light 
cp ;[L————— — — ——2] Sum 
Far Near 
-— —12 =Z 
à 22 40 
I 16 4 20 
18 —24 | —6 
40 60 
E 2 | 
1 7 42 49 
30 10 40 


periods equal low ranks. The D 
values from this procedure are given 
in Table 2 and have a mean value of 
36 (3 test periods, 12 intertrial 
periods). The result for Group II is 
significant (p = .05, two-tailed ¢ test), 
showing that suppression occurs in 
this group in the period where the 
light would have normally been on. 
In Group I the a suppression, if 
present, is occurring mainly near the 
onset of the CS, 

It remains to consider the occur- 
rence of blocking in this period near to 
the onset of the tone. It may be due 
either to temporal conditioning effects 
or to some sensitization factor or an- 
ticipation resulting from the change 
in stimulus conditions on the extinc- 
tion trials. (“Will the light come on 
or not?") 

It may be assumed that if temporal 
conditioning has occurred, then any 
suppression will tend to appear before 
and soon after the onset of the tone, 
whereas anticipation effects would 
lead to Suppression near to the begin- 
ning of the period when the light 
would normally have been on. Thus, 
suppression of the mean a amplitude 
in the first second of the tone taken 


? The 5 values refer to the values obtained 
by using Kendall’s Procedure for computing 
the rank correlation coefficient (Siegel, 1956). 


together with the preceding intertrial 
second may indicate the extent of 
temporal conditioning (and the effect 
of the tone itself), whereas suppression 
during the .5 sec. of the tone immedi- 
ately prior to the light may indicate 
anticipation effects. . 

To test these possibilities the aver- 
age a amplitude during the last .5 sec. 
of the tone prior to the light-on 
period, and that during the first 
second of the tone and the second 
preceding it was measured over the 
last four conditioning trials and the 
extinction trials. 

These measures were compared with 
a hypothetical ranking in which the 
conditioning and first extinction trials 
were assigned a rank of 3, the sub- 
sequent extinction trials being ranked 
6, 7, and 8, respectively. This ranking 
assumes extinction, and therefore 
gradual reappearance of « rhythm to 
occur over the last three extinction 
trials, 

The S values obtained 
significant for both the 
later .5-sec. period. However, all were 
positive, and the overall sum for the 
2-sec. period exceeds that for the .5- 
sec. period. There is, therefore, slight 
evidence for temporal conditioning, 

A further test for temporal condi- 
tioning in the period preceding the CS 
was made. The mean a amplitudes of 
the nine 2-sec, intertrial periods 
preceding the last conditioning trial 
and the first extinction trial were 
ranked. These ranks were compared 
with a hypothetical ranking, such that 
negative S values indicated a decrease 
of a rhythm with time. The overall 
Ss were negative but barely signifi- 
cant. However, the values corrclated 
—.63 with the mean « amplitude in 
the .5 sec. of the tone immediately 
preceding the "light-on" period, and 
— 35 with that for the first second of 
tone and the immediately preceding 


were barely 
2-sec. and the 
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second. Thus it seems that suppres- 
sion early in the tone is partly due to 
temporal conditioning, as well as to 
the tone itself and to anticipation. 
This evidence is slight, but is sufficient 
to demand caution before uming 
the observed suppression during the 
tone to be entirely due to direct 
conditioning to the sound. 

It remains to consider how far the 
instruction. did, in fact, encourage 
attention or inattention. The S's own 
reports do not settle this question, but 
they make it clear that all in Group I 
voluntarily converged on the light in 
both far and near conditions, and that 
they waited expectantly for it to 
appear in order to do so. Those in 
Group II did not converge voluntarily, 
but there is, of course, no way of 
excluding the possibility that they 
attentively anticipated the appear- 
ance of the stimuli. 


Individual Experiments 


1. With the stimuli timed as in 
Exp. I, and the light 9 in. from the 
eyes, a series of 40 conditioning trials 
was given. The mean alpha rhythm 
for the second .5 sec. of the tone was 
measured. In the first 20 conditioning 
trials the @ rhythm at the onset of 
tone exceeded that before onset, 
whereas in the last 20 trials it tended 
to be less. The change was significant 
at the 5% level. 

2. Using a loud tone with condi- 
tions as in Paragraph 1 above no 
consistent changes were observed in 
28 trials in the « rhythm before and 
after the onset of the tone; there was, 
that is, no tendency for the loud tone 
itself to suppress the rhythm. 

3. An attempt was made to es- 
tablish temporal conditioning by ex- 
hibiting the light for 2 sec. at ran- 
domly distributed intervals of either 
8, 10, or 12 sec. Forty-cight trials 
Were given, 24 with the light far (6 ft. 


away) and another 24 with it near 
(9 in. away). 

"Temporal conditioning was ob- 
served by inspection just after the 
light had been brought near. The 
experiment was repeated on two other 
Ss with a constant time interval 
between stimuli of 10 sec. In both 
inspection showed obvious temporal- 
conditioning effects. 


DISCUSSION 


These experiments tend to support the 
belief that suppression of the a rhythm 
may be conditioned. However, the effect 
is small and shows considerable indi- 
vidual variation, even though under ap- 
propriate conditions it was observed in 
all eight Ss in Exp. III. In these eight 
Ss the depressed a rhythm varied from 
-4 to .9 of its original resting value. Only 
in two instances was it depressed by 
more than 50%. 

The effect of attention seems to be to 
decrease the case of conditioning, and, 
if this is associated with convergence of 
the eyes, conditioning is entirely abol- 
ished. (With Subject 2 this was not so. 
This individual conditioned exceptionally 
well while apparently converging and 
attending.) 

"There is some slight evidence that the 
observed effect is a mixture of direct 
conditioning to the tone, temporal condi- 
tioning, and suppression. It is not 
possible on the basis of these experiments 
to decide on the relative importance of 
these factors. 

Tn general, these experiments support 
the view of Knott (1941) that there is 
only tentative evidence for conditioning 
of the a rhythm to tone. 
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EXTINCTION OF THE HUMAN EYELID CR AS A FUNCTION 
OF THE DISCRIMINABILITY OF THE CHANGE 


FROM ACQUISITION TO EXTINCTION? 
KENNETH W. SPENCE, M. J. HOMZIE, anp E. F. RUTLEDGE 


University of Iowa 


2 experiments investigated rate of extinction of the eyelid CR in 105 
humans as a function of the degree of discriminability of the procedural 
changes that occur with shift from acquisition to extinction. Experi- 
ment I found that following continuous reinforcement at a CS-UCS 
interval of 500 msec. Ss extinguished more quickly when the UCS 
was omitted than when it was delayed 1,500 or 2,500 msec. Experiment 
1I revealed that Ss run in the context of a masking situation (probability 
learning) were much more resistant to extinction than under standard 


conditions. Rate of extinction w 


as negatively correlated with degree 


of recognition of stimulus changes with introduction of extinction 


procedures. 


Previous studies from the Iowa 
laboratory (McAllister, 1953; Rey- 
nolds, 1958) have shown that per- 
formance during extinction following 
partial reinforcement in conditioning 
is, as predicted from the Hull-Spence 
drive theory, higher under the condi- 
tion in which the drive level (D) is 
maintained by extending the CS-UCS 
interval (2,500 msec.) than that in 
which it is not (UCS discontinued). 
Contrary to this prediction, however, 
no difference is obtained under these 
extinction procedures following con- 
tinuous reinforcement (Reynolds, 
1958; Spence, Rutledge, & Talbott, 
1963). In the latter instances, more- 
over, the extinction is extremely rapid, 
the group curves decreasing to a ran- 
dom or operant level of response after 
two to three nonreinforced trials, with 
many individuals never giving a re- 
sponse after a single nonreinforcement. 

This evidence of extremely rapid 
extinction following continuous rein- 
forcement, plus the fact, obtained by 


1 This study was carried out as part of a 
Project concerned with classical conditioning 
in humans under Contract Nonr-1509(04) 
between the University of Iowa and the Office 
of Naval Research. 


questioning, that under these condi- 
tions, all Ss readily recognize the 
change in conditions with shift from 
acquisition to extinction, led us to 
theorize that with the shift most Ss 
recognize that they have been condi- 
tioned and, thereupon, immediately 
adopt an inhibitory set not to blink to 
the CS. In accord with this inter- 
pretation is the well-established find- 
ing that extinction is not nearly as 
rapid following partial reinforcement 
as after continuous. Under a partial- 
reinforcement schedule S has already 
experienced failures of reinforcement 
on some portion of the trials (e.g., 
50%) and, hence, the shift to 0% 
reinforcement is not as readily dis- 
cernible as is the shift from 100% 
reinforcement to 0%. Presumably, 
such an inhibitory set as we have 
postulated would not develop in 
extinction following partial rein- 
forcement, at least not immediately. 
Hence, the performance of partially 
reinforced Ss in the early stages of ex- 
tinction would not be affected by such 
an inhibitory set and, thus, would not 
be expected to exhibit the precipitous 
decrement that occurs following con- 
tinuous reinforcement. 
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'This hypothesis as to the operation 

of an inhibitory set that depends upon 
the recognizability of the changes that 
occur with shift to extinction also 
nicely accounts for the finding that 
the difference in performance level 
under the two extinction procedures, 
omission of the UCS and lengthening 
of the CS-UCS interval, is contingent 
upon the original conditioning having 
been conducted under partial rein- 
forcement. In extinction following 
partial reinforcement, the absence of 
the inhibitory set during the early 
phase of extinction would mean that 
the CR would not be affected by this 
interfering factor and, hence, its 
effective strength (E) during this 
period would be a function of the 
developing effects (J,) of nonrein- 
forcement and the level of drive (D) 
present. Since the drive level of the 
group in which the UCS is omitted 
would be less than the group in which 
the UCS is present but delayed, its 
performance should be lower. In 
extinction following continuous rein- 
forcement, on the other hand, Ss 
under both extinction procedures 
would immediately recognize the shift 
to extinction and adopt the inhibitory 
set. Immediate disappearance of the 
CR would thus be expected under 
both extinction procedures with the 
result that there should be no differ- 
ence in their performances, 

The two experiments described in 
this report attempted to investigate 
further the implications of this theo- 


rizing as to the relation of performance 
during extinction t 


o the discrimina- 
bility of the experimental conditions 
holding in the acquisition and extinc- 
tion periods. Both attempted to vary 
the discriminability in the direction of 
reducing it so that the likelihood that 
Ss would discern the shift to extinc- 
tion and adopt the inhibitory set 
would be minimized. In the absence 
of the inhibitory set extinction should 
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be retarded, the response decrement 
depending instead on the gradual 
development of /, with successive 
nonrcinforcements. 


EXPERIMENT | 


The first variation in procedure was 
introduced on the basis of some 
exploratory observations of Goldstein 
(1962) which indicated that the shift 
to extinction with the extended CS- 
UCS interval was not as readily 
recognized when the CS duration was 
the same during extinction as in con- 
ditioning. Whercas, in previous stud- 
ies the CS duration was increased from 
550 msec. in acquisition to 2,550 msec. 
during extinction, in the present 
experiment CS duration was 2,550 
msec. in both periods, thus reducing 
their discriminability. During ex- 
tinction Group I had the UCS 
discontinued, Group II had the CS- 
UCS interval extended from 500 msec. 
to 2,500 msec. while Group III 
had this interval increased to 1,500 
msec. The shorter interval used with 
Group III was introduced as a further 
attempt to reduce the discriminability 


of acquisition and extinction con- 
ditions.? 


Method 


Subjects —A total of 113 students from an 
introductory course in Psychology was em- 
ployed. Of these, 8 were eliminated, 4 
because they failed to reach an acquisition 
criterion of at least five CRs in the last 20 
trials of acquisition, 3 for apparatus failure 
or E's error, and 1 who gave CRs to test-trial 
presentations of the CS alone. Of the 105 
remaining Ss, 30 were classified as voluntary- 
form responders (V responders) on the basis 
of the form of their anticipatory eyelid re- 
sponse (Spence & Ross, 1959). ‘The some- 
what larger than usual Proportion of such V 
responders resulted, in part, from the fact that 
ee 


* Two unpublished investigations (Myers; 
1950; Rutledge, 1962) from this laboratory 
have found that the increase in percentage 
of CRs with a CS-UCS interval of 1,500 msec- 
15 very small, especially in the interval 150- 
500 msec. following the onset of the UCS. 
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the criterion was changed slightly to include 
not only Ss who gave 50° or more such 
voluntary-form responses over all acquisition 
trials, but also Ss whe ve such responses on 
50% or more of their last 20 acquisition trials, 
ie, Trials 31-50. These latter Ss, 9 in 
number, developed this form of response late 
in the conditioning. Since they were respond- 
ing in the same fashion as the remaining V 
responders at the end of acquisition it was 
thought best to include them in this group. 
The extinction data of these V responders 
will be presented as well as the data for the 
remaining 75 Ss who did not give many 
voluntary-form responses. The latter Ss will 
be referred to as C responders. 

Apparatus.—The apparatus was essentially 
the same as that used in previous studies 
from this laboratory (cf. Spence, 1953). The 
CS, a 70-db., 500-cps tone generated by a 
Hewlitt-Packard oscillator, had a duration of 
2,550 msec. The UC is a l-psi air puff 
of 50 msec. duration del d to the right eye 
through an orifice .062 in. in diameter. A CR 
was recorded whenever the Brush recording 
pen showed a deflection of 1 mm. or more in 
the range 150-500 msec. following the onset 
of the CS. Responses in the interval 0-150 
z, which were relatively infrequent, were 
ssified as original responses and were not 
included in the data. 

Conditioning procedure—Described as an 
experiment concerned with study of attention 
and fatigue, S was instructed to fixate upon 
and keep looking at a 6-cm. circular milk-glass 
disc located directly in front of him. He wa 
also instructed to be as relaxed as poss 
and not to attempt to control the reactions 
of his eye. Following the reading of the 
instructions each S was given three presenta- 
tions of the CS alone followed by a single 
presentation of the UCS alone. Immediately 
following these preliminary trials, 49 condi- 
tioning trials were given in which the CS-UCS 
interval was 500 msec. A photoelectric film 
Programmer predetermined intertrial intervals 
of 9, 12, and 15 sec., averaging 12-sec. in- 
tervals for each S. No ready signal was 
employed. . 

Extinction procedures and experimental 
design.—As described above, Ss were ex- 
tinguished under three different nonreinforce- 
ment procedures. On the fiftieth trial and for 
30 subsequent trials, the UCS was omitted 
for Ss in Groups I-C and I-V, the CS-UCS 
interval was lengthened to 2,500 msec. for 
Groups II-C and II-V and to 1,500 for Groups 
III-C and IILV. Twenty-five Ss _ were 
assigned to each of the groups containing c 
responders and there were 10 Ss each in 
Groups I-V, II-V, and III-V. 


Results 

C responders.—Extinction curves 
for the C responders are presented in 
the left-hand graph of Fig. 1. The 
curves give the percentage of antici- 
patory responses occurring in the 
interval 150-500 msec. following the 
CS as a function of the number of 
previous nonreinforced trials. The 
values at the point 0 on the abscissa of 
the graph give the performance levels 
on the last 10 acquisition trials (41— 
50). The last 10 Ss in each group of 
C responders were assigned in such a 
manner as to equate roughly their 
final acquisition levels. 

As may be seen from the graph, the 
C responders who had the UCS dis- 
continued (Group I-C) extinguished 
very rapidly. After only two non- 
reinforcements the percentage of an- 
ticipatory responses was at a random 
level. On the other hand, extinction 
was considerably slower in the case of 
Ss who had the UCS delayed either 
2,500 or 1,500 msec. (Groups II-C 
and III-C). The response curves for 
these groups drop more slowly and do 
not reach the 10% level by 30 trials. 
The performance (per cent CRs) of 
Group I-C was significantly below 
that of Groups II-C and III-C over 
the first 10 extinction trials, the 
Mann-Whitney U test (two-tailed) 
giving a p value of .003 for both 
comparisons. Over all 30 trials the 
difference between Groups I-C and 
]I-C was not significant (p = .17), 
whereas that between I-C and III-C 
was (p — .003). The extinction per- 
formances of Groups II-C and III-C 
did not differ significantly either for 
the first 10 trials or over all 30 trials. 

V responders.—Extinction curves 
for the V responders are presented in 
the right-hand graph of Fig. 1. The 
extinction function and terminal ac- 
quisition level (Trials 41-50) are 
presented in the same manner as for 
the Cresponders. As may be seen, the 
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V responders who had the UCS dis- 
continued (Group I-V) extinguished 
more rapidly than did Ss who had the 
UCS delayed either 2,500 or 1,500 
msec. The performance of Group I-V 
was significantly below that of Groups 
II-V and III-V both over the first 
10 trials and over all 30 trials, the 
Mann-Whitney U test (two-tailed) 
giving a p value of .009 for both com- 
parisons made over the first 10 trials, 
and p values of .032 and .021 for 
Group I-V vs, Group II-V and 
LV vs. Group III-V, respectively. 
The extinction performance of Groups 
II-V and III-V did not differ signifi- 


cantly either over the first 10 or all 
30 trials. 


Group 


[*] 
NUMBER PREVIOUS NONREINF 
Percentage of CRs during extinction as 
of previous nonreinforced trials, 
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last 10 acquisition trials was 91.0 for 
the V responders and 70.6 for the C 
responders. The difference between 
these means was highly significant, 
t (103) = 3.99, p < .001 

Comparison of the extinc 
formances of the C and V r 
requires that the difference: 
final acquisition levels be taken into 
consideration. Following a method 
recently suggested by Anderson (1963) 
we first obtained for each § the 


following index of extinction per- 
formance. 


Index = (Rext, — 2R,/N)/ 
(Rext. — Racq.) 
Where Rext. is the asymptotic ex- 
tinction level (here assumed to be 
10% for all Ss in both groups), Racq. 
is the final acquisition level for each S 
(per cent CRs in last 10 acquisition 
trials), and ZR, is the number of CRs 
given over V extinction trials. This 
index gives a measure of performance 


tion per- 
esponders 
S in their 
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during extinction relative to the 
difference between the final acquisi- 
tion level and the assumed asymptotic 
extinction level. The higher the index 
value, the greater the resistance to 
extinction or the slower the extinction. 
Comparison of these index values for 
Ss in Groups II-V and II-V combined 
with those for Ss in the combined 
groups II-C and III-C revealed the 
former to be higher, the differences 
between their distributions being sig- 
nificant at the .002 level for Extinction 
Trials 1-10 and at the .001 level for 
Trials 1-30 (Mann-Whitney U test). 
That is, the V responders extinguished 
significantly slower than the C re- 
sponders when the UCS was delayed 
during extinction. In the case of Ss 
extinguished without the UCS, how- 
ever, the difference in extinction rate 
as determined by comparing the dis- 
tribution of these indexes for Groups 
I-C and I-V was not significant 
(p < .06 for Trials 1-10 and p < .60 
for Trials 1-30). 


EXPERIMENT IT 


This experiment involved primarily 
a comparison of the rate of extinction 
performance of Group II-C of the first 
experiment with a group of Ss (IV) 
that was conditioned and extinguished 
under conditions that were designed 
to minimize knowledge on the part of 
S that he was in a conditioning experi- 
ment. Questioning of Ss in a recent 
study of extinction (Spence et al., 
1963) after they had completed the 
experiment revealed that 52% of the 
Ss were able to recognize that it was 
concerned with conditioning of the eye- 
blink response. This percentage is to 
be compared with findings of earlier 
studies from our laboratory which 
showed that when conditioning but not 
extinction was involved, only from 5 to 
20% of the Ss were able to identify the 
experiment as concerned with condi- 
tioning. Obviously, the added experi- 
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ence of extinction greatly increased the 
recognition of the true purpose of the 
experiment, thus increasing the possi- 
bility that cognitive factors such as 
the inhibitory set we have postulated 
might play an important role in de- 
termining performance during ex- 


tinction. 

We were seeking, then, a technique 
that would preclude 5 from recogniz- 
ing that he was participating In a 
conditioning experiment even when 
extinction was attempted. It was 
also hoped that the procedure would 
decrease still further the likelihood 
that the changes in the stimulus 
events relative to extinction could be 
observed. The technique hit upon 
was that of imbedding the condition- 
ing experiment within the setting of 
another learning situation, the prob- 
ability-learning task as used by Estes 
and Straughan (1954). 


Method 


Subjects. —Twenty-nine Ss from an intro- 
ductory course in psychology were run con- 
currently with those in Exp. I. Of these, four 
were eliminated, two because they met the 
criterion of being V responders and two be- 
cause they failed to reach the acquisition 
criterion of at least five CRs in the last 20 
acquisition trials. 

Apparatus.—The apparatus was the same 
as that described in Exp. I, except for the 
equipment involved in the probability-learn- 
ing task. This equipment consisted of three 
signal lights, two push buttons located one at 
the end of each chair arm, and two Hunter 
event counters that were activated by the 
push buttons. One signal light, a 6-cm. 
circular milk-glass disc that increased in 
brightness from .004 to 2.95 mL. was located 
directly in front of S. The other two lights, 
located 8 in. to either side of this central light, 
were .5-in. (diameter) circular discs covered 
with translucent paper. The brightnesses of 
these lamps approximately matched that of 
the central light. 

Conditioning and extinction procedure,.— 
The only difference in procedure between 
Group II-C of Exp. I and Group IV was the 
addition of the probability-learning task. 
The Ss were given a set of instructions to the 
effect that the experiment was concerned with 
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the effects of distraction on performance ina 
difficult problem-solving situation. They 
were instructed that their task was to predict, 
on the onset of the center signal light, which 
of the two small lamps was going to light up 
and to signify their prediction by pressing the 
push button located on the left or right arm of 
their chair. They were told, further, that 
distracting stimuli in the form of a tone and 
air puff to their eye would be given in between 
their response of pressing a button and the 
lighting up of one of the small lamps. The 
onset of the 2,550-msec. CS (the tone) coin- 
cided with the turning off of the signal light. 
On reinforced trials the onset of the UCS 
(puff) followed the onset of the CS by 500 
msec. On nonreinforced trials the UCS was 
presented during the last 50 msec. of the CS 
duration. Five hundred milliseconds after the 
termination of the CS one or the other of the 
small lights came on and remained on for 1 


sec. As in Exp. I, 50 conditioning and 30 
extinction trials were given. 


Results 


Figure 2 presents the extinction 
data for Group IV and Group II-C 
from Exp. I. As may be seen from the 
values for Point 0 on the abscissa, 
Group IV Ss attained a somewhat 
lower final acquisition level than did 
Ss conditioned under the usual condi- 
tions. The difference of 16.4% was 
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TABLE 1 


PERCENTAGE OF Ss IN EACH Group 
'THAT RECOGNIZED CHANGE IN UCS 


Group C Responders V Responders 
I 84 90 
ll 76 80 
III 48 40 
IV 4 


significant, providing a / value of 2.56 
(b < .02). While significant in the 
present instance, we do not vet know 
Whether this finding is typical. The 
results of two subsequent studies sug- 
gest that conditioning performance 
under the masking situation is some- 
what lower, but not às much as ob- 
tained here, 

Especially striking, however, is the 
relatively slow extinction of Group IV. 
As may be seen, the precipitous dec- 
rement in response frequency of CRs 
evident in the first 10 trials of all 
groups in Exp. I is completely absent. 
hus, by the ninth and tenth trials, 
the curve for this group decreased 
only 1495 from the final acquisition 
level; whereas the corresponding de- 
crease for Group II-C (45%) was 
more than three times as large. 

The number of extinction trials was 
too small to permit an estimate of the 
final asymptotic level of responding 
under the conditions of the masking 
situation from the group curve. How- 
ever, further examination of the 
extinction data showed that the lowest 
third of the Ss in terms of resistance 
to extinction reached the 10% level 
of responding in Trials 7-10, while the 
middle third was down to 11% m 
their last two trials (29-30). These 
findings suggest that if extinction had 
een carried out a sufficient number 
of trials, the group 
eventually have 
level. 


curve would 
dropped to the 10% 


If we assume that the asymptotic 


level of response of Group IV is the 
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same as for Group II-C, i.c., 10%, the 
index suggested by Anderson (1963) 
may be used to compare the rate of 
extinction to this level of the two 
groups. Computation of the index 
gave a higher distribution of values 
(slower extinction) for Group IV than 
Group II-C. The difference between 
the distributions was significant by 
the Mann-Whitney U test at the .005 
level for Trials 1-10 and at the .001 
level in the case of Trials 1-30, 


Discussion 


In the case of Ss in which the UCS w 


as 
maintained during extinction, p. I 
attempted to reduce the recogni oility 
of the shift from acquisition to e tinction 


by arranging for the CS duration to be 
the same (2,550 msec.) in both phases 
rather than incre: sing from 550 msec. 
to 2,550 msec. as in the previous studies 
of Reynolds (1958) and Spence, Rut- 
ledge, and Talbott (1963). While this 
change in procedure did lead, in contr. 
to the findings of the previous studies, to 
à significant difference between the ex- 
tinction performances of Ss extinguished 
with and without the UCS following 
continuous reinforcement, there is not 
Complete agreement between these ex- 
tinction data and the percentage of Ss in 
each group that recognized the change in 
the extinction conditions, 

As may be seen from Table 1, the 
Percentage of C responders who, at the 
end of the experiment, reported recogniz- 
ing the change in the UCS, either its 
Omission or its delay, was higher for Ss 
who had the UCS omitted (Group 1) 
than for Ss who had the UCS maintained 
(Groups II and III). This finding is in 
accord with the suggestion that there isa 
relation between this recognition and 
extinction performance. However, the 
Magnitude of the differences among the 
8roups in percentage of Ss recognizing the 
Cange, which were significant (p < .05) 
as determined by chi-square test between 

and III and between II and II, but not 

etween I and II, are not in complete 
accord with the differences in extinction 


ast 


performance among the three groups.* 
If such recognition plays an important 
role in extinction, the difference between 
Groups Land IT should have been slight, 
while Groups IH and IHI should have been 
very different. This was not the case, 
either for the C or V responders, as the 
extinction curves of Fig. 1 attest. ' : 
A possible explanation of this _dis- 
crepancy may be that the recognition 
data do not indicate the point (trial) 
during extinction that the discrimination 
takes place. If Group II Ss recognized 
the change much later on the average 
than Group I Ss, then they would be ex- 
pected to exhibit the greater resistance 
to extinction that they did. According 
to this assumption, questioning of Ss 
after a small number of extinction trials, 
e.g. five, should lead to a significant 
ditference in the proportion of Ss in these 


two groups (I and II) that would report 
the discrimination. 


A final bit of evidence on this relation 
of discrimination to extinction behavior 
is provided by the data in Table 1 for 
Group IV. The fact that only one of the 
Ss (4°) run in the context of the mask- 
ing situation reported observing the 
change in interval between the tone and 
puff adds further strong support to the 
negative relationship between such rec- 
ognition and persistence of the CR in the 
extinction period. 

The extremely slow rate of extinction 
exhibited by these Ss is in striking con- 
trast to previous findings with humans. 
It is, interestingly enough, more com- 
parable to the relatively slow extinction 
of the eyelid CR found in dogs (Marquis 
& Hilgard, 1936), monkeys (Marquis & 
Hilgard, 1937), and rabbits (Schneider- 


man, Fuentes, & Gormezano, 1962), in 
whom such higher-order inhibitory sets 


presumably would not be present. 

Taken together the findings of these 
two experiments appear to be in 
ment with the notion th 
of the extinction condi 
holding during 


agree- 
at discrimination 
tions from those 
acquisition plays an im- 


* As may be seen from Table 1, comp 
differences were found among the V re 
ers. However, due to the sm: 
none of the differences w 


arable 
spond- 
all number of Ss, 
ere significant. 
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portant role in determining the sub- 
sequent rate of extinction of the CR. It 
should be noted, however, that this 
particular version of the discrimination 
hypothesis differs from previous formula- 
tions of this type in that it introduces as 
a critical new factor the concept of in- 
hibitory set. According to the Jm 
hypothesis, discrimination or discern- 
ment of the change is assumed to lead to 
the adoption on the part of S of this 
set not to blink. Extinction is extremely 
rapid under such circumstances because 
the inhibitory set results in interference 
with the CR. However, with conditions 
arranged so as to preclude or delay the 
discrimination, the decrement in the 
frequency of the CR should be more 
gradual, being dependent upon the cumu- 
lative development of inhibition of non- 
reinforcement (I,). It should be noted 
that the present form of this discrimina- 
tion hypothesis is able, 
account for the different ra 
tion following continuous reinforcement 
obtained in Exp. I under the conditions 
of omitting and delaying the UCS, but 
also the previously well-established fact 
of greater resistance to extinction follow- 
ing partial than after continuous re- 
inforcement. 

In concluding this discussion, 
pertinent to call attention to the point 
that the present version of the discrimi- 
nation hypothesis with its assumption of 


not only to 
tes of extinc- 


it is 


r situa- 
forward 


thermore, as the senior 
dicated elsewhere (Spence 


probably very 
rating in the 
learned under 
Certainly the em- 


in a great ` many 
respects. 
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STIMULUS OVERLAP IN A MASSED-TRIAL SITUATION ! 


ROSE GINSBERG 


Queen's University 


7 groups of human Ss were taken through a sequence of massed trials 
under a 2-choice, noncontingent reinforcement procedure. Experi- 
mental overlap between successive trials was introduced, the amount 
of overlap varying between groups from 167 to 100%. Stimulus overlap 
due to massed trials was taken into account by modifying the basic 
learning model of statistical learning theory to allow for the assumption 
of nonindependent trials. The modified model described the experi- 
mental data with considerable success and throws light upon some of the 
difficulties which have arisen in the applications of statistical learning 
theory. In particular it was shown that when trials are massed and 
stimulus overlap is taken into account, the same learning parameter 
cannot be estimated both from the difference between conditional prob- 
abilities of specific responses given the immediately preceding reinforce- 


ment, and from the mean learning curve. 


, It is a working hypothesis in sta- 
tistical learning theory that stimula- 
tion of S is independent from trial to 
trial. Experimental evidence, on the 
other hand (Straughan, 1956), indi- 
cates that stimulus overlap is a 
factor, at least in massed-trial learn- 
ing. In addition, Estes (1959) de- 
scribes certain inconsistencies in the 
application of statistical learning 
theory and suggests that these may be 
a function of the assumption of trial 
independence under massed-trial con- 
ditions. In particular he refers to the 
two-response, massed-trial experiment 
where estimates of the learning pa- 
rameter, 0, from two different sources 
commonly fail to agree. Both these 
estimates—one obtained from the 
equation for the mean learning curve, 
the other from the difference between 
conditional probabilities of a given 
response on trials following the two 
types of reinforcing events—should, 
theoretically, yield the same value. 

1 This study represents part of a disserta- 
tion submitted to the Department of Psy- 
chology of Indiana University in partial 
fulfillment of the requirements for the PhD 
degree in psychology. The writer is greatly 
indebted to C. J. Burke under whose direction 
the investigation was conducted. 


In the present experiment non- 
independence of successive trials is 
deliberately introduced, a predeter- 
mined proportion of the visual signal 
initiating each trial persisting from 
one trial to the next. A modification 
of the basic learning model of sta- 
tistical learning theory to allow for 
assumptions of nonindependence of 
trials, is presented, and the data of 
the experiment interpreted from the 
point of view of the modified model. 
In particular the implications of the 
model in respect to the disparate 
learning parameter estimations de- 
scribed above, are examined. 

Theory.—The stimulus-sampling 
model developed by Estes and Burke 
has been described elsewhere (Burke 
& Estes, 1957; Estes & Burke, 1953). 
In essence it is assumed that learning 
involves a sampling process. The ex- 
perimental situation defines a popula- 
tion of stimulus elements from which, 
on each trial, S draws a random 
sample. It is this latter, independent 
sampling assumption, which is modi- 
fied in the present model by the 
introduction of two conditional-sam- 
pling probabilities 6, and 65, which are 
the sampling probabilities of an 
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element on Trial n given that it was, 
or was not, respectively, in the sample 
on Trial x — 1. The introduction of 
two sampling probabilities. follows 
Straughan's (1956) suggestion that 
stimulus elements sampled on a given 
trial are more likely to be resampled 
on the following trial. And the 
specific theoretical hypothesis, basic 
to the present experiment, is that 
under massed-trial conditions 0,» bp. 

In a two-choice noncontingent sit- 
uation where two responses .1, and A» 
are available and the probability of 
reinforcement of 41 is m, pa (the 
probability of an 4; response on the 
nth trial) can be expressed as the 
proportion of elements in the sample 
conditioned to 4;. In the case of the 
modified model this proportion has 
two sources, 0, comes from the condi- 
tioned elements left in the population 
on the preceding trial (N, ;) and 0. 


comes directly from the preceding 
sample (s, 4); Le., 


m MES TOS n—1 
Pr en 


If s, and N, are expressed recursively 
and the solutions of the resultant 
difference equations substituted in 
this statement, it can be shown that: 
PES (1 = Oy)" (1 =at 0p) 
1- (06, — 0p)” 
X (bi— m) +r [1] 


From the empirical evidence both 
0, and 6, represent small values so 
that (8, — 6,)» approaches zero very 
rapidly as n increases, in comparison 
with (1 — 6)", When (0, — 0,)» is 
neglected, the equation, like the *&. 
dependent" sampling model, describes 
a negatively accelerated Curve running 
from the initial probability to the 
final asymptotic value of s. 


In the present stud 
initiating each trial for 


Y the signal 
S was made 
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up of a number of small parts, and 
these took on the role of the stimulus 
elements of the model. Briefly the 
signal was made up of a poreon 
population of 100 parts and the m - 
by-trial presentation of these “ele 
ments" exactly followed the assump- 
tions of the model. On Trial n the 
signal was composed of a predeter- 
mined proportion of signal elements 
from Trial 1 — 1, plus a proportion 
of elements not in the signal on the 
previous trial. To preserve the ana 
ogy to the model the proportion o 
the signal persisting from one trial to 
the next is designated 0,* and the 
proportion that does not originate in 
the preceding trial signal, 0,*. 

Apart from the trial-to-trial change 
in the signal, the experiment was two- 
choice, with S required on each trial 
to predict which of two exhaustive 
and mutually exclusive events, Æ, and 
Es would occur. The two events 
Were not contingent upon S's re- 
sponses but were presented with fixed 
probabilities z and 1 — T. 


METHOD 

Subjects.—There were 
seven groups, drawn fror 
chology cours 
Apparatus. 
room contained 
equidistant from 
contained 


252 Ss, 36 in cach of 
n introductory psy- 
at Indiana University. 
The darkened experimental 
four S booths facing, and 
^a black screen. Each booth 
X a response lever and two reinforcing 
lights. The E sat behind a simple overhead 
Projector, inserting on each trial a punched 
IBM standard eight-word card, Light travel- 
ing through the rectangular punches in the 
card and reflected onto the screen, provided 
the signal to which Ss responded. 

Both the projector lamp and the reinforc- 
ing lights were automatically controlled, and 
the time of presentation of signal and rein- 
forcement light, together with S's responses; 


were automatically recorded on each trial. 
A trial lasted 5 sec. 


The signal.—The 
cards which provided t 


sequence of punched 
he signal on each of the 
240 trials was made up in the following way: 
Of the potential punch positions on the IBM 
card, 100, arranged in a 10 x 10 square; 


T 


2 
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TABLE 1 


Trials 
Groups | 0p 8, — - — ——— ————À Function 
1 | 2 | 3 | ole Nie | 4 | s | 9 | 10 
D [O1 o1 | 108 | | oy Control for 11 
Il 0.04 0.63 | 4 6| 8| 9] 108 perimental 
ul 0.1 0.9 | 10 | 18 | 24 | 30 | 34 | 38 | 40 | 42 | 44 | 46" perimental 
M 0.76 0.1 76 | 26 | 59 | 37 | 52 | 41 | 49 | 44 |46 Experimental 
V |046 046 |10 | 18 | 24 | 30 |34 | 38 | 40 | 42 |44 | 46* | Control for ITT 
VI 0.46 0.46 | 76 | 26 | 59 | 37 | 52 | 41 | 49 46^ Control for 1V 
Vila Constant 10° | | | General Control 
VIIb | Signal | 460 | | | General Control 
| | 


^ Indicate: 


comprised the population of signal clements 
at the outset of the experiment. On Trial 1, 
0,* of the 100 positions was chosen at random 
and an IBM card, punched at the selected 
positions, provided the signal. On each of 
the remaining 239 trials, 06,* of the positions 
punched on Trial » was randomly chosen for 
inclusion in the card on Trial z + 1, plus 0,* 
of those positions not punched on Trial ».? 
In this way a constant, predetermined, 
proportion of the signal persisted from one 
trial to the next. 

Each of six groups was assigned a different 
pair of values for 0,* and 0,*. Three random 
signal series were constructed for cach group 
to balance out any specific series effect. 

Design.—On each of the 240 trials, S was 
required to predict which of two reinforcing 
lights would go on. A signal initiated each 
trial and S indicated his choice by moving a 
lever up or down in the direction of one or 
other of the lights. Presentation of the 
correct light terminated the trial. For all Ss 
the probability of reinforcement of an A1 
response (the position, up or down, counter- 
balanced across Ss) was 75. Three random 
reinforcement sequences were used such that 
each signal series was run under every rein- 
forcement sequence. For Group VII the 
signal was constant throughout the 240 trials. 

Table 1 lists the various groups and in- 
dicates their functions and special character- 
istics. It will be noted that for every experi- 
mental group (6, # 0p) there was à control 
—Á = 


* Preparation of the sequence of stimuli 


and the punching of the IBM cards were 
Carried out by means of a program written for 
the IBM 650 at Indiana University by 
Richard Millward of Brown University. 


stable sample size and first trial of occurrence. 


group matched in respect to the size of the 


signal on each trial but with 6, = 6; R 

To amplify the hypothesized positive cor- 
relation between samples on adjacent trials 6, 
was substantially greater than 6; in two of the 
experimental groups (Groups |l and. 111). 
Negatively correlated samples were intro- 
duced in Group IV where 0, > bs Group VIl, 
with constant signal, was intended to provide 
a basis of comparison with the experimental 
groups and a check of the appropriateness 0 
the experimental situation in comparison with 
previous experiments. — Because the signal 
size for all experimental groups stabilized 
at either 10 or 46 elements, half of Group VII 
was run with constant signal of 10, half with 
46, rectangles of light. The IBM cards used 
as the slide for these subgroups were chosen 
randomly from the sequences of signals of 
appropriate size in the variable-signal groups. 
A different card was used for each group of 
four Ss but within each group the same card 
was used over all trials. 

Procedure.—Each S was seated in a booth 
and instructed to guess on each trial which of 
the two reinforcing lights in his booth would 
goon. He was told that at the beginning of 
cach trial a slide projected on the black screen 
would be the signal for him to make his guess 
and that he should then move the response 
lever in his booth up or down towards the 
chosen light, after which the correct light 
would go on. 

Four Ss were run at one time and the total 
sequence of 240 trials took exactly 20 min. 


RESULTS 


As there was no significant differ- 
ence between the mean number of 41 
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9 10 


Fic. 1. Observed and th 


responses over all trials for Subgroups 
Vila and VIIIb, t (34) = 16, these 
data were combined, Groups V and 
VI differed only in the number of 
rectangles of light in the signal over 
the first 10 trials, 


L tests of the 
difference of mean number of Ay ves 
sponses over the first 20 trials 


, t (70) 
= .11, and between the total number 
of A, responses, / (70) = 1.16, were 
both nonsignificant and 


again the data 
were combined. 


The data for each group in propor- 
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— — FITTED 
j ° OBTAINED 


"Ro | 2 34 5 6 


BLOCKS OF 20 TRIALS 
==> _ 20 TRIALS 


eoretical (fitted) 
per block of 20 trials for 


Proportions of A, responses 
Groups I-VII, 


tions of A, responses per block of 20 
trials, are Presented in Fig. 1. v 
spection of the learning curves in tha 
figure suggests that the groups Wit? 
variable signal have not yet stabilize 

at asymptote—certainly none achieve» 
in 240 trials, the predicted asymptote 
of .75. For Group VII (constan 

signal) on the other hand, the learning 
curve presents a familiar negative? 
accelerated curve reaching a stab 


: last 
asymptotic level of .75 over the lé 
60 trials. 
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Two analyses of variance were per- 
formed with respect to (a) total Er 
responses over all trials and (b) ly 
responses during the last 20 trials. 
Over all trials only the F for groups 
was significant (p < .01). In the last 
20 trials there were no significant 
differences between groups. These 
results, together with simple inspec- 
tion of the curves of Fig. 1, suggest 
quite strongly that the learning curves 
are converging in the later trials. 
And in fact, various other statistical 
results which are described elsewhere 
(Ginsberg, 1959) support this con- 
clusion. 

Parameter evaluation.—The “over- 
lap parameter” 0, can be evaluated 
from the difference between two con- 
ditional probabilities—the probability 
of an 4; response given the reinforcing 
event, Ei or E», on the previous trial, 
i.e., given an E, on Trial n — 1: 


ON a + O5n—1 
Sn 


Pn(Ay| £1) = 


Given an E» on Trial 1 — 1: 


OpN n- 
balil E) = e [3] 
Taking the difference between Equa- 
tions 2 and 3 it can be shown that: 


lim 1 2 jii 
ng > Uo Ud E) 


vel 


— b E)]— 90. [4] 


As major changes in s, are confined 
to the early trials, 0, was estimated by 
Summing the difference between the 
average conditional probabilities over 
Trials 11-20 and subsequent blocks 
of 20 trials. The mean of the sum 
Was the estimate of 8.. 

To evaluate 6,: The expected num- 

er of A, responses over the fixed x 
trials, E(R,), is equal to the sum of 
the probabilities of an 41, over the z 


trials. E(R,) is empirically deter- 
mined and the probability of an «1, 
response is given by Equation 1. 
Assuming that (@. — @))" can be neg- 
lected after, at most, 10 trials, E(R,) 
can be calculated over the last 230 
trials and the resultant equation 
solved for 0,. The precise equation is: 


230r — E(Reso) _ (1 — 6. + 65) 
B m — i [77 
[a — 0)! — 1-6y"] [5] 


The theoretical curves presented in 
Fig. 1 have been calculated with pa- 
rameters estimated by the methods 
described above. The theoretical 
curves provide quite good fits for the 
data, for all groups. 

Proportion of elements sampled.— 
The single parameter 0 of the Estes- 
Burke “independent” sampling model, 
represents the expected proportion of 
elements in the sample. The analo- 
gous value in the present model is 
lim s,/N. Letting lim s,/N = « it 
n n 
can be shown that: 


ci c Oni [6] 
971—848 


Table 2 presents the value of @ of 
the “independent” sampling model 
for each group, together with 65,0,, and 
a estimated by the methods described. 


TABLE 2 


ESTIMATED PARAMETERS OF Two MODELS 
FOR EACH GROUP 


Modified Model oem 
Group 
Op Os a 8 

I .0049 | .0626 | .0052 .0076 
II .0054 | .0906 | .0059 .0080 
lll .0094 | .1593 | .0110 .0123 
IV .0052 | .0581 | .0054 .0077 
V&VI| .0065 | .0470 | .0069 .0084 
VII .0190 | .0790 | .0202 .0203 
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99 Obtained 
7-7 Model with Independent-triol 


assumption 


— Modified model 


Blocks of 20 Trials 
Comparison of Predicted pro 
with obtained d. 


Fie. 2. 


In the constant-signal group (Group 
VID, @ is larger than 9, but the 
values for a and @ are practically 
identical. In fact the theoretical 
curves predicted by both models are 
identical for this group from the fifth 
to the last block of trials, It is only in 
the variable-signal groups that the 
values for a and 0 are disparate, and in 
these cases the modified model pro- 
vides the better fit. Figure 2 presents 
the empirical acquisition curve for 
Group IV, together with the theo- 
retical curves predicted by both 
models. Group IV is chosen, in that 
with 6,* > 0,*, it involves the most 
variable signal of the experimental 
groups. 
The relationship between a 
was further explored by the following 
procedure. The mean acquisition 
curve was estimated for each of the 
seven groups—using the independent 
learning model equation, which js 


pa= r= [rp] — ey [n 
but the obtained value of a, 
Table 2 was substituted for ¢ 
ing parameter 0 in Equatio 


and 8 


given in 
he learn- 
n 7. For 


Portions of A, responses for two models 
ata for Group IV. 


Group VII the curve was the same 
whichever method we used- which - 
a = @ in this case, is not surprising. 
But also, for every group with vari- 
able signal, the curve obtained by this 
method corresponded almost exactly 
to those generated by 0, and 6, of the 
modified model. Apparently the ulti- 
mate proportion of elements in the 
sample is represented adequately bY 
the formulation for œ, but 0 of the 
independent sampling model is not 
always identical with that proportion. 

À final interesting point about the 
e values is that it is possible to derive 
from the present modified model, 
precise predictions of the comparative 
magnitude of the slope parameters for 
the seven groups. The derivation? 
although simple, are involved, and 
Will not be presented here. However: 
the predicted order of magnitudes 1$ 
identical with the ordering of the & 
values shown in Table 2. " 

And finally, the basic hypothesis 
that in massed-trial situation 
9. > 6, is very well supported by the 
values of the parameters listed. 1n 
Table 2. For every group—including 


a 
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the constant-signal group—the value 
of 0, is greater than that of 8p. More- 
over for the two experimental vari- 
able-signal groups (Groups ll and 
III) where the signal parameters 
showed a similar relationship; i.e., 
0,* > 0,*, the ratio of the estimated 
0,/0, is considerably greater than for 
any of the other variable-signal groups. 
The a priori expectation that the 
experimental manipulation of the 
signal would amplify the hypothesized 
"massed-trial" effect in the case of 
these groups was therefore confirmed. 


Discussion 


For the group where the signal does 
not vary, both the “independent” sam- 
pling model and its present modification 
are equally successful in predicting the 
mean curve. Inspection of the values 
listed in Table 2 indicates why this is so. 
Both a, the proportion of elements in the 
stimulus sample, and 6, the overlap 
parameter, are very small. The propor- 
tion of clements remaining in the sample 
should therefore have little effect upon 
the mean learning curve. Assumption of 
trial independence therefore, would not 
be expected to interfere with adequate 
mean learning-curve predictions in the 
usual massed-trial situation where the 
signal remains, as it usually does, con- 
stant from trial to trial. 

The relationship between a and the 
independent-model parameter @ is an 
interesting onc. Both are intended to 
represent the proportion of elements in 
the sample, and insofar as the group with 
Constant signal is concerned, the values 
for both parameters are identical and 
describe the slope of the learning curve 
adequately. When the signal varies in 
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the rather complex manner described 
here, a still describes the learning curve 
slope efficiently, 0 does not. 

Probably the most pertinent findings 
of the present study for statistical learn- 
ing theory is that the disparate values 
obtained When @ is estimated from two 
sources which should yield the same 
value—a_ problem described carlier— 
would be expected from the point of 
view of the modified model. In this 
model the difference between conditional 
probabilities represents the overlap pa- 
rameters 6,. In a massed-trial situation 
0. is shown (Table 2) to be greater in 
both variable and constant-signal groups 
than the values of 0; and a. But accord- 
ing to our present model a is analogous 
to the independent sampling model's 
single parameter 0, and where the signal 
remains constant, would be expected to 
yield the same value. Consequently 
we would expect that the difference be- 
tween the conditional probabilities would 
yield the larger value. 
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SOME CONDITIONS SUFFICIENT FOR ACCURATE 


MONOCULAR PERCEPTIONS OF MOVING 
SURFACE SLANTS! 
HOWARD R. FLOCK 
Hunter College of the City University of New York 
j i 5 surface whose 
246 Ss monocularly judged from 1 to 9 different slants of a sur 
Ga e occluded from view, In a reference experiment surface 


texture was irregular, unfamiliar, and continuously moving, € 
through a 69° aperture. Then the mean regression coefficient for 16 Ss 


slant judgments over 9 physical slants was 96, a coefficient of 1.0 


signifying an identity relation, 
stituting regular or different irr 
exposure to the displays did n 


Doubling and halving velocity, sub- 
egular textures, changing amount of 


ot significantly alter the results—the 
coefficients varying from .85 to 1:19. 


Absence of motion, a texture of 
3-in. squares, and changing field of vie 


alone produced different results. 
ments was also tested. Shape jud, 
Shapes rather than with slant 
evaluated. 


In a series of theoretical articles 

ibson (1950, 1961 ; Gibson & Gibson, 
1955, 1957; Gibson, Olum, & Rosen- 
blatt, 1955) has argued that the light 
reflected to the Single eye from a sur- 
face necessarily carries Sufficient in- 
formation about the spatial properties 
of the surface. Gibson and his 
colleagues (Flock, 1962; Gibson & 
Gibson, 1957; Gibson et al, 1955; 
Purdy, 1958) have supported these 
arguments with mathematical anal- 
yses of the array of light reflected 
from surfaces to the eye. 

Flock (1962), for example, em- 
ploying trigonometry, isolated a r 


f atio 
of ratios of angular motions in the 


light which was reflected to the eye 
from a slanted and moving surface, 
It was shown that those angular 

1 This research was su 
the Office of Naval Rese; 
NONR 401 (14) with Co 
by a Public Health Service Research Fellow- 
ship from the Department of Health, Educa- 
tion, and Welfare. It is based on a thesis 
submitted in partial fulfilment of the require- 
ments for the PhD degree, Cornell University, 


1962, supervised by J. J. Gibson to whom the 
writer wishes to express his gratitude. 


Pported in part by 
arch under contract 
rnell University; and 


W over a series of 4 physical slants 


Dependence of slant on shape judg- 
gments varied positively with retinal 
judgments. Individual data were 


relations accurately specify the slant 
of the surface regardless of its velocity 
and even though the surface’s texture 
is novel, the texture elements irregular 
in size and shape and irregularly dis- 
tributed across the surface, and the 
surface indefinitely extended (as when 
a surface's edges are occluded from 
view). On the basis of that analysis 
of the light there was at least 4 
theoretical prediction that variables 
of velocity and texture would not 
Prove to be important factors in the 
accurate monocular perception of the 
slant of a moving surface. 
Nevertheless, while general theo- 
retical predictions like this one have 
been made or implied by Gibson and 
his colleagues, little systematic at- 
tempt has been made to test their 
truth and under what conditions they 
might be true. "This paper, therefore, 
will attempt to investigate some of the 
conditions under which the theoretical 
prediction above might be true, Stim- 
ulus conditions will first be described 
which elicit relatively accurate judg- 
ments of nine different slants of ê 
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presumptively unfamiliar, irregularly 
textured, moving surface. Those con- 
ditions and the resulting level of 
judgmental accuracy will constitute a 
reference experiment. Attempts will 
then be made to replicate the results 
of the reference experiment under 
different conditions which according 
to the predictive hypothesis should 
not significantly alter the judgmental 
results. Tests will be made of the 
effect of changing velocity, of sub- 
stituting a different irregular texture 
or three regular textures, of changing 
the amount of exposure to the refer- 
ence situation, of reducing velocity to 
zero, and of changing the size of the 
field of view. Finally, since the 
predictive hypothesis precluded any 
dependence of slant on shape judg- 
ments, an experiment will be described 
evaluating the relation between slant 
judgments and the judgment of at 
least one shape amongst the textural 
elements on a surface. 


EXPERIMENTS I-X 
Method 


Apparatus.—1n order to prevent primary 
perceptual depth cues from influencing the 
results Gibson and Gibson's (1957) point- 
source shadow projector was employed. This 
optical device simulates at the eye those 
luminous relations which are found when a 
slanted surface is distally present. Briefly, 
the point-source shadow projector places a 
textured and slanted surface in a projection 
system so that S monocularly views a projec- 
tion of the textured surface to a frontal plane 
instead of viewing the slanted surface itself. 
The system contains five major elements: a 
point source of light; a shadow caster (trans- 
parent medium textured by opaque elements 
distributed across it) ; à mount for holding the 
shadow caster at some slant and/or moving 
it in a certain way; à translucent projection 
Screen ; and a station point located such that a 
line joining the point source and station point 
is perpendicular to the projection screen and 
is bisected by the projection screen. 

The arrangement of the apparatus, as seen 
from the side, is shown in Fig. 1. On one side 
of the projection screen (a 6 X 6 ft. sheet of 


.188-in. white translucent Plexiglas, Rohm 
and Haas No. 267) was placed the shadow 
caster in its mount, its horizontal axis being 
6.72 in. (16.8 cm.) from the point source and 
29.68 in. (74.2 cm.) from thescreen. Behind 
the shadow caster, 36.4 in. (91 cm.) from the 
screen, was the point source of light (a 25-w. 
Sylvania concentrated-arc end light with a 
light element that was .03 in. in diameter, 
powered by a 243-dc power supply). On the 
opposite side of the screen, 36.4 in. (91 cm.) 
as the station point at which S placed 
his viewing the display on the projection 
screen through a fixed 69° round opening in 
an iris diaphragm. The projection screen 
bisected and was perpendicular to the axis 
running through the station point and the 
light element. 


t was constructed 


of wood and functioned to hold the shadow 
ons on 


à 10°, 0° 

(frontal position), —10°, —20°, —30°, —40°. 
At the same time that the surface was slanted 
it could be moved back and forth so that its 
horizontal axis was always the same distance 
from the projection screen. 

The S was separated from the apparatus 
by a black curtain wall in the middle of which 
was an aperture with a fitted eyepiece. Com- 
bined with the aperture was an Ilex No. 5 
shutter with a cable release that allowed S 
to open and shut the aperture. To the right 
of S at his eye level and facing him when he 
turned towards it was an 11-in. disc divided 
into a black and white half. The diameter 
specified by the two colored halves could be 
rotated in a clockwise or counterclockwise 
direction to any degree of rotation so that the 
angle of rotation matched the angle of slant 
of the moving surface. This apparatus for 
measuring the slant judgments is hereafter 
referred to as a protractor. By use of a 
synchronous motor arrangement S’s pro- 
tractor drove a comparable disc graduated 
into degrees from which E seated behind the 
apparatus could read off the protractor 
adjustment. 

Shadow casters.—1n the experiments three 
types of surface texture were used as shadow 
casters. They were made by placing opaque 
material on 36 X 36 in. sheets of transparent 
Plexiglas, .188 in. thick. One type of surface 
texture was composed of a grid of squares, 
the squares being either 4 in., X in, or $ in. 
along an edge. These surfaces were called 
regular textures. The 3-in. Regular Texture 
was made by laying }-in. strips of black 
opaque chart tape in parallel bands separated 
by 4-in. strips of blank Plexiglas. The surface 
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was then rotated 90? and 
peated. The }-in. and ġ-in. Regular Textures 
were made in the same way, the separations 
and bands then being 4 in. 
spectively, instead of iin. 
The second class of s 
composed of a highly 
irregular, randomly 
tributed irregularly 


the procedure re- 


and j in., re- 


urface textures was 
dense array of randomly 
achromatic shapes dis- 


across the transparent 
Plexiglas surface. These surfaces, hereafter 


referred to as electrostatic surface textures, 
were made in a completely novel manner (see 
Flock, 19642). When a Plexiglas surface 
is given an electrostatic charge and if a pen 
is at the same time held above the surface, 
ink will flow to and spread over the surface in 
a pattern dictated by the charges on the 
surface. Two of these electrostatic surfaces 
were constructed. The first, Electrostatic 


Texture A, differed considerably from the 


second, Electrostatic Texture B. A third 


type of irregular surface called a Powder- 
Sprinkle Texture was made by sprinkling 
talcum powder on the Plexiglas surface, (The 
powder-sprinkle and electrostatic surfaces are 
described and illustrated in Flock, 19644.) 
Helmholtz (1925, Pp. 283, 285) described 
textures like the regular textures, pointing out 
that they are often experienced by and there- 
fore are familiar to adults in our culture. He 
also described what he meant by unfamiliar 
textures, indicating, for example, pictures of 
rock piles or a snow field in which the texture 
elements are irregular in shape and distribu- 
tion (Helmholtz, 1925, p, 285), Since the 
electrostatic textures were not only highly 
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adow projector: side view. 


irregular and made in a novel way but also ae 
not seem to correspond to anything common y 
experienced in the physical environment, va 
seemed that they more than satisfied the 
criteria set forth. by Helmholtz for an un- 
familiar surface texture. 1 

Procedure.—Kach S was told that he woulc 
see a surface which would be slanted in some 
way, perhaps with its top towards him and the 
bottom away, or with its top 
and bottom towards, or from top to bottom 
in a frontal position, Each S was given de- 
tailed instructions in the use of the protractor, 
rotating the diameter in one direction if he 
saw a surface with its top slanted away from 
him, setting the diameter vertical if he saw 
a frontal surface, etc. He was particularly 
told to rotate the diameter so that its angle 
of rotation exactly matched the surface slant 
he saw. No time limit on the judgment was 
imposed. The S was instructed to examine 
his entire field of view, closing the aperture 


only after he was satisfied with the protractor 
adjustment, 


away from him 


Subjects —The 246 Ss, 82% of whom ware 
men, were for the most part students from a 
introductory classes in psychology at Corne 
University. Their ages ranged from 17-27, 
with a median age of 18.5. Since the eyepiec, 
Would not accommodate eyeglasses, no 5 © 
the 5495 who ordinarily wore glasses was 
allowed to wear glasses during the experi- 
mental sessions unless he happened to be 
wearing contact lenses. All Ss were volun- 


teers and naive to the purpose of the ex- 
periments, 
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Experimental design. ~The 246 Ss were 
assigned to 10 subgroups, 7 of the groups cach 
having 16 Ss, 2 of the groups each havin 
Ss, and 1 having 24 5s. Each subgroup was 
assigned to a particular condition of textured 
surface, either to a regular, familiar surface 
or to an irregular, unfamiliar surface. For all 
Ss in 9 of the groups the textured surface was 
in a continuous, side-to-side lateral motion, 
the motion being at right angles to the axis 
through the station point and the light cle- 
ment, At no time was the edge of any surface 
projected onto the screen. Nor was any S 
ever able to see the edges of the projection 
screen. Except for Ss of one group the field 
of view was always 697, 

In Table 1 the various experimental condi- 
tions are listed. The conditions cited for 
Exp. I (Table 1, Row 1) constitute the refer- 
ence conditions in comparison to which all of 


Experiment IV was the 
for the change in the irregular texture. 
periments V-VII were various replications of 
the effects of three different regular textures 


ame as Exp. I except 
Ex- 


onslant judgments. Each S assigned to Exp. 
I-VII made protractor judgments first of the 
nine different slants (40°, 30°, 20°, 10°, 0° 
[frontal position], — 10°, —20°, — 30°, —40°) 
of the surface, presented in random order, and 
second of the same slants ina different random 
order, a total of 18 judgments for each S. 
Each pair of judgments for each level of slant 
was then averaged, yielding 9 mean judgments 
for each of the Ss of Exp. I-VII. 

In Exp. VIIT all conditions but two were 
the same in Exp. I. The group of 55 Ss 
was subdivided into five equal subgroups, 
each subgroup being assigned to a different 
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un 


slant of the surface. Whereas Ss of Exp. | 
each made 18 observations, 2 each for nine 
different slants, Ss of Exp. VIII each made 
but one judgment. In addition, a small red 
translucent ellipse, 19.2 X 15 mm. (the pur- 
pose of which will be described later) was 
inked onto the center of and embedded 
amongst the shapes of Electrostatic Texture 
A. [n Exp. IX, except for a change in the 
velocity of the shadow caster to zero, all 
conditions were the same as for Exp. VIII. 
Since both the design and procedure for E: p. 
X differed from that for Exp. I-IX, no 
further reference will be made to Exp. X until 
its results are later described. A final experi- 
ment, Exp. XI, will also be described at a 
later place. The chronological order in which 
the experiments occurred could conceivably 
have confounded the results. Some of the 
experiments were run concurrently, others 
were not. 

In order to evaluate the effects of the 
various conditions on Ss’ judgments, each S's 
nine mean judgments for Exp. I-Vil were 
reduced to a linear regression coefficient. The 
distribution of these coefficients under each 
experimental condition gave an estimate of 
the intervariability amongst Ss and was used 
to test for any differences between the mean 
coefficients for the various experiments. The 
model for this treatment of the data was 
based on Grant (1956). The statistical 
models for the other experiments will be 
described later. 


Results and Discussion 


In Table 2 is listed the frequency 
of occurrence of specific regression 
coefficients under Exp. I-VII. Ex- 


TABLE 1 


VARIABLES OF 1 


XTURE, VELOCITY, ANGULAR F1 
or PHYSICAL SLANT FOR 10 EXPE 


ELD OF VIEW, AND LEVELS 


T 
Sean | PRASE Sine rene x E, 
69? Electrostatic A 16 9 
1 | art 69 ctrostatic A 16 9 
II 1/14.54 69 ectrostatic A 16 9 
IV 1/8.3 69 ectrostatic B 16 9 
V 1/8.3 69 1-in. squares 16 9 
VI 178.3 69 l-in. squares 16 9 
VII 1/8.3 69 3-in. squares 16 9 
VIII 1/8.3 69 Electrostatic A 55 1 
IX 0 69 ‘lectrostatic A 55 1 
X 1/8.3 17, 35, 52, and 69 | Powder-Sprinkle 24 4 
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TABLE 2 
FREQUENCY DISTRIBUTION OF REGRESSION COEFFICIENTS 
F FOR Exp. I-VII, MEANS AND SIGMAS 
Experiments Row 
Regression Totals 
Coefficients ; = "m iv " VI VI E 
aum 1 
1.80-1.91 i 1 
1.68-1.79 1 0 
1.56-1.67 p 2 
UE 1 1 
1.32-1.4 H 
1.20-1.31 | 2 2 1 1 2 3 
1.08-1.19 | 2 2 i 2 1 2 " M 
-96-1.07 4 3 4 4 3 f 29 
.84- 95 | 4 6 5 2 4 4 1 
72- .83 2 1 3 3 1 6 
160-71 | 2 1 1 2 4 3 15 
.48- .59 1 2 4 
R^ 96 1.02 1.05 .99 .85 .91 .79 4 
E 466 | 248 | 274 24 17 20 16 225 
N 16 16 16 16 16 16 16 112 


Note.— Means and sigmas are based on ungrouped 


amination of the tab 


le indicates that 
no S's coefficient w: 


Hence a coefficient 
a criterion of maximally possible 
accuracy. 


From the scatter 
coefficients under each experiment 
there is the Suggestion that except 
for a slight positive skew the distribu- 
tion of the coefficients might approach 
normality. Further, F tests of the 
variances (inter-S variability of coeff- 
cients) from one experimental condi- 
tion to a second led to the conclusion 
that the variances were homogeneous. 
(The model for these tests was based 
on Ryan, 1960.) 

Reversals.—The use of linear regres- 
Sion coefficients as a measure of 
accuracy of Ss' judgments omitted 
any reference to possibly Significant, 


of the individual 


data; CE of each mean is equal to: M — 1.0; si = s/ VN. 


nonlinear fluctuations in S's data. 
As a rough measure of the degree of 
such nonlinear effects the reversals in 
each S's data were counted. Con- 


sider, for example, a sequence of three 
physical slants, 5°, 10°;. 18%. If S 


reported these to be 8°, 7°, and 15°, 
respectively, there would be 1 reversal. 
Had he reported them as 8^, 79, and 
6°, respectively, there would be 3 
reversals, Correspondingly, for a 
Sequence of nine physical slants, 36 
reversals would be possible and 18 
might be expected to occur by chance. 
In an experiment with 16 Ss, 576 


sals pected by chance. 
he 112 Ss had no 
9 Ss had 1 tie; 17 
al; 7 Ss had 2 reversals; 
Of the 34 total rever- 


a change in gla 
Or less; an 
disappeared 
than 9°, 


D 
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It seemed, therefore, that the 
reversals were sufficiently rare to 
warrant the use of individual linear 
regression coefficients. This use of 
linear regression coefficients might 
have ignored nonlinear effects in the 
individual data. But on the reason- 
able assumption that an S's error 
variance (unmeasured in these experi- 
ments) was something greater than 
zero such nonlinear effects, were they 
to exist, would have been moderate. 

Reference experiment.—In Table 2 
Column 1, the mean coefficient for the 
reference experiment, Exp. I, is .96 
(s = .17). The mean result varied 
from the criterion of maximal accu- 
racy (b — 1.0) by an insignificant 
error of —.04. As specified in Table 1, 
the surface texture consisted of ir- 
regular shapes irregularly distributed, 
and the velocity of the shadow caster 
was 1 ft/8.3 sec. 

Effects of velocity changes and Electro- 
static Texture B.—When velocity of 
the shadow caster was doubled and 
halved as in Exp. Il and Ill, re- 
spectively, the mean coefficients were 
1.02 and 1.05, respectively. Multiple 
comparisons between each of these 
means and the mean of .96 from Exp. I 
yielded insignificant ¢ scores of .76 (30) 
and 1.05 (30), respectively; a — .05 
adjusted for six tests? That the 
results of Exp. I-III were not peculiar 
to Electrostatic Texture A may be 
concluded from contrasting Exp. IV 
in which Electrostatic B replaced 
Electrostatic A with Exp. I, the two 

2? The significance level employed through- 
out all experiments was « = .05. When 
multiple ¢ tests were made, however, alpha 
fel CN CE 

hrou of multi a E 
of ayer Riad ipee Ryan, 1959, 1960). 
Since the means from Exp. II-VII were each 
Compared to the mean from Exp. I—a total 
Of six £ tests—alpha was adjusted for these 
tests to 05/6 = .008. Therefore, significance 


in these tests is given by p < .008, although 
ques (5. 


means being .99 and .97, respectively. 
The z test between the means yielded 
an insignificant ¢ (30) = .34. 

Practice effects—If S somehow 
learned about the surface shapes 
during the 18 trials of the experiment, 
and if this learning accounted for the 
fact that the mean regression coeffi- 
cients were both positive and near 1.0, 
then one might expect that if Ss were 
given but one trial the regression 
coefficient would be at or near zero. 

To test this possibility each of the 
five subgroups in Exp. Vu was 
assigned to one of the following levels 
of physical slant : 40°, 20°, 0? (frontal), 
—20°, —40°. Thus each of the 11 Ss 
in a subgroup made just one judgment 
of slant. Except for the presence of 
the small red ellipse in the center of 
Electrostatic A all other conditions 
were like those in Exp. I. A regression 
line was fitted to the judged mean 
slants over the five levels of physical 
slant, giving a mean coefficient of 1.12. 
From the pooled within-group varia- 
tion, the standard error of the slope 
was .05. 

While a direct statistical test could 
not be made between Exp. VIII and 
I owing to the incommensurate nature 
of the error terms, a comparison can 
be made between the two experi- 
ments. With only a single trial in 
Exp. VIII, the CE of .12 was a little 
larger than the CE of .04 in Exp. I 
where Ss had 18 trials. The difference 
of .08 between CEs hardly suggests 
that the absence of prior experience 
with the irregular, unfamiliar textures 
constituted a major factor in the 
accuracy of the judgments. 

Effect of regular vs. irregular tex- 
tures—In Exp. V-VII the mean 
regression coefficients were .85, 91, 
and .79 for the {-in., }-in., and iin. 
textures, respectively. When these 
means were compared with the mean 
from Exp. I, the t's (30) were 1.8, .8, 
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and 3.1, respectively. Of these only 
the difference between the means for 
the 3-in. and Electrostatic A textures 
was significant (p < .008). Neverthe- 
less, when the degree of accuracy 
represented by the results for the 
regular and ostensibly familiar tex- 
tures (Exp. V-VII) was compared 
with the results for the irregular and 
unfamiliar electrostatic surfaces (Exp. 
I-IV and VIII) the CEs for the regular 
textures were uniformly greater than 
those for the irregular textures. 

This phenomenon, that irregular 
and novel textures could have yielded 
more accurate results than did regular 
and familiar textures, might have been 
an artifact of one particular property 
of the textures used. The phe- 
nomenon might be accounted for by 
the differences in density amongst the 
surface textures. [n comparison with 
the electrostatic surfaces the regular 
textures had a relatively small number 
of textural elements for the fixed 69? 
field of view. Moreover, in the data 
for the regular textures alone, there 
was at least a suggestion that density 
could have been a factor. The mean 
coefficient for the lin. texture was 
-79, the means for the more dense i-in. 
and §-in. textures being somewhat 
closer to 1.0. On the other hand, the 
slight trend in the data supporting 
density as a factor may turn out 
to be adventitious. Certainly more 
research on this problem is indicated 

Zero velocity.—The predictive hy- 
pothesis governing the experimental 
findings required that a surface be in 
motion. In Exp. IX conditions were 
exactly the same as in Exp. VIII, the 
55 Ss of Exp. IX each making a single 
slant judgment, but in this instance 

the shadow caster was motionless. 
The coefficient through the five group 
means for Exp. IX was then .13 with 
sp = .10; whereas it was 144 wh 
s = .05, for Exp. VIII. The differ- 
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ence between these means was signifi- 
cant, ¢ (100) = 8.7, p < 05. — : 
Effect of field of view.—1n Exp. X 
a group of 24 Ss twice judged four 
slants (30°, 20°, 10°, 0°) of a surface 
under cach of four different fields of 
view (17°, 35°, 52°, 69°), making a 
total of 32 observations for each S. 
Except for the use of a powder- 
sprinkle texture all other conditions 
were the same as in Exp. I. 
Regression coefficients were calcu- 
lated for Ss' judgments of the four 
slants under cach level of field of view. 
Those were: .82 for 17°; 1.09 for 35°; 
1.22 for 52°; and 1.15 for 69°. The 
only significant differences between 
pairs of these were between the small- 
est and the two largest coefficients. 
But on the basis of the constant errors 
it would seem that the slant judg- 
ments were as accurate for the 17° as 
for the 52? and 69? fields of view. 
The conditions in this experiment 
differed from those in Exp. I in three 
major respects. (a) The Ss were 
exposed to the displays for a longer 
time (32 instead of 18 judgments) 
under varying conditions (changing 
field of view and slant). (b) The Ss 
viewed four instead of nine slants- 
(c) A powder-sprinkle rather than an 
electrostatic texture was used, Any 
one or several of these differences 
could have produced the large con- 
stant error for the 69° (.15) and 52, 
(.22) fields of view. In view of the 
findings reported above under com- 
parable conditions, however, it may 
be that the main factor producing the 
arge errors was the use of a series © 
four rather than nine slant treatments. 
he raw data tended to support this 
conclusion. For the 69? and 52° fields 
9! view the mean judged slants were 
32.4°, 22.2°, 10,89, —2.3°; and 33.2^ 
19.5°, 9.2°, —4°, respectively. Both 
Series have two common features: @ 
tendency for the ends of the series t? 
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pull away from the middle and a 
tendency for the judgments in the 
middle of the series to be approxi- 
mately accurate. 

Regardless of the reason for the end 
effects, they produced the large con- 
stant errors. Moreover, in a series 
with nine slant treatments the same 
end effects would have less influence 
on the regression coefficients. For 
example, if one applied the same con- 
Stant errors for the 30? and 0? slants 
to the 40° and —40? slants in a series 
of nine slants, the regression coeffi- 
cients would be 1.03 and 1.05 instead 
of 1.15 and 1.22 for the 69? and 52? 
fields of view. It may be, therefore, 
that the mean coefficients for the four 
fields of view were all too high by 
approximately .12-.15 points of slope 
and should be adjusted accordingly. 
Certainly the effect of changing field 
of view as well as the effect of chang- 
ing number of slant-treatment levels 
require further investigation. (The 
details of Exp. X and the analysis of 
the data are reported in Flock, 1962.) 


EXPERIMENT XI 


Flock's (1962) trigonometric anal- 
ysis of the optical stimulus for slant 
precluded any statement about the 
shapes of the elements composing a 
surface's texture. On that basis, 
therefore, regardless of the conditions 
of stimulation, there is no theoretical 
necessity for arguing that slant judg- 
ments will covary with shape judg- 
ments. Asa corollary to that, when 
conditions exist for and at the same 
time induce accurate slant judgments, 
there is no theoretical necessity to 
expect that slant and shape judgments 
will even then covary. These hy- 
potheses differ from Koffka’s (1935) 
assertion that slant and shape judg- 
ments must covary and differ from 
Beck and Gibson's (1955) expectation 
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that while they need not covary when 
conditions for accurate slant judg- 
ments are minimal, they should tend 
to covary when conditions for accu- 
rate slant judgments are relatively 
optimal. The experiment described 
below tested these various hypotheses 
regarding the presence or absence of 
what has been called a shape-slant 
invariant. For a general review of the 
past methods employed and attempts 
to test the shape-slant invariant hy- 
pothesis, see Epstein and Park (1963). 


Method 


Apparatus, procedure, and Ss.—Each group 
of 55 Ss in Exp. VIII and IX was required, 
following their slant judgments, to attend the 
projection of the 19.2 X 15 mm. red ellipse 
in the center of the display. The ellipse was 
colored so as to be identifiable. When the 
surface was motionless the ellipse lay ap- 
proximately astride the axis of rotation of the 
surface and was projected to the middle of the 
display on the projection screen. When the 
surface was in motion the projected ellipse 
moved back and forth continuously across the 
projection screen, lying in the axis of rotation 
of the shadow caster. 

The projected ratios of height to width of 
the ellipse on the projection screen for the 
five slants of the shadow caster were: .95 i 
at 40°; 1.20:1 at 20°; 1.28:1 at 0° (which is 
tual ratio of the height to width of the 

n the plane of the surface); 1.22:1 at 
;and 1.01:1 at —40°. The projected 
atios for the pair of 40? and of 20? slants were 
slightly different owing to the ellipse being 
slightly off the axis of rotation of the surface. 
At the 40? slants the ellipse projected a retinal 
shape that was approximately a circle. 

After each S had made his slant judgment 
he re-examined the display and made a judg- 
ment of the shape proportions of the em- 
bedded ellipse first under an "appearances" 
instruction and then under an “objective” 
instruction. Each of the 110 Ss thereby made 
one slant judgment and two shape judgments. 

Under the appearances instruction each S 
was told that he would see a red figure in the 
middle of his field of view. “If you assume 
that this red figure is 2 in. wide, at its widest 
place (which was along its horizontal axis), 
then how high in the up-down direction does 
the figure appear to be?” (This judgment of 
the height in inches is later extrapolated to a 
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ratio of height to width, with width taken as 
unity.) After S had given the first shape 
judgment, he was given slightly more ob- 
jective instructions and asked to make a 
second shape judgment. “Look again at the 
red figure. If you could go up to the surface 
and make a tracing of the figure by laying a 
piece of tissue paper on it, then how long and 
how wide would it appear to be? 

There were obvious differences between 
the two sets of instructions. In the first set § 
was told to assume that the object was 2 in, 
wide, and on the basis of that information to 
estimate its height. The second set of in- 
structions allowed S to express the height and 
width dimensions in any metric that suited 
him. : : 

The second difference in the instructions 
was more important. In the first set (the ap- 
pearances instruction) S was asked how high 
the figure appeared tobe. In contrast the sec- 
ond set (the objective 
sized the objectivity of tracings and of things 


as they really are. But then the objective 
instructions ended by asking for the appear- 
ance of the shape, In this way E hoped to 


prevent Ss from betting what the shape dimen- 
sions were and thereby Perhaps introducing 
idiosyncratic cognitive components into the 
judgment, as might have happened in 
Stavrianos' (1945) experiment, 
he total time 
excluding instruction 
Protractor, was about 2.5-. 
Experimental design.—Each S's sl 
ment was conver 
judgment. For 


under the 20° moving slant condition who 
might have judged the surface to be slanted 
30°, 20°, and 10°; respectively. For the 
constant retinal Proportions of the Projected 
ellipse when at 20° slant, if 5 incorrectly sees 
the object as slanted to 30°, then under the 
hypothesis of shape-slant invariance he should 
report a shape greater than the 1.2 t 
portions of the objective ellipse, These ex. 
pected shape judgments can be calculated 
from the following ratio: (retinal shape 
Proportions of the ellipse a 
slant)/(cosine of the judged 
condition). For the three h 
above the three expected sh. 


ape judgments 
would then be: 1.3931, 1.2821, and 1.2231, 


xpected, if the 
actual slant is 20° and it js judg 


the expected shape judgment w. 
which are the actua] shape pro; 
objective ellipse. 

For each of the 110 Ss, 


therefore, there 
were one expected shape jud 


gment based on 


his slant judgment and two observed shape 
judgments, one each under two instruction 
conditions. If there isa necessary invariance 
between shape and slant judgments, then the 
regression of observed on expected shape 
within each slant-treatment group should be 
homogeneous over the 10 treatment groups 
(2 motion X 5 slant groups) under an in- 
struction condition. Moreover, if homo- 
geneity of the within coefficients exists, 
pooling them should produce a coefficient that 
is both positive and significantly different 
from zero. 


A second test of invariance, disregarding 
the presence or absence of positive covariation 
within the treatment groups, may be made 
by describing the relationship between the 
Observed and expected mean shape judgments 
for the four Motion x Instruction conditions 
and by comparing the mean regression coeffi- 
Cients describing the relationship. 


Results and Discussion 


The test for the homogeneity of the 
10 coefficients within the slant-treat- 
ment groups under the two instruction 
Conditions is described in Table 3. 
The third MS in the table (Row 3) is 
derived from the deviations within 
the 10 treatment groups from a 
pooled regression for all within-treat- 
ment groups, The fourth MS (Row 
4) is based on the deviations within 
each of the 10 groups from the regres- 
Sion within the Sroup. The fifth MS 
Is calculated by subtracting the SS 
for Row 4 from SS for Row 3. The F 
ratios of .33 (9, 90) and .2 (9, 90) 
Were not significant. P 2.025. From 
this evidence it seems, therefore, that 
the within Coefficients are not hetero- 
geneous, neither under the appear- 
ances nor under the objective instruc- 
tions. But this finding of homogeneity 


oes not imply invariance of shape 
and Slant judgments, 


ifferent from zero, Fs 
and .63, p > 925, re- 
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TABLE 3 


ANALYSIS OF 1 
REGRESSION OF JUDGED ON I 
SHAPE WITHIN 10 TREATM NT 

GROUPS FOR EACH or Two 

INSTRUCTION CONDITIONS 

AND THE SIGNIFICANCE 
OF THE POOLED 
REGRESSIONS 


Instructions 


a Mà 
Source Appearances Objective 
reel 
df | MS F MS F 
Total variance within | 100 O84} — |.144| — 
Pooled regression 1 | 06 71 | O91] .63 
, (RG) within 
Error of estimate 99 | 084) — | 145] — 
within 
Deviations from a 90 | .09 — [is | — 
5 roup's RG 
iffs. among group 9 |.03 -33 | .03: äl 
RGs alea 
Coefficient for pooled —.08 —.106 


within-treatment- 
group RGs 


Note.—These tests are described by Snedecor, 1948, 
DD. 325 ff. and especially Tables 12.7 and 12.5. 


spectively, but their signs were not 
positive as would be required under a 
hypothesis of invariance. Moreover, 
of the 20 within coefficients, 10 each 
for the two instruction conditions, 12 
of them were negative, 5 were zero, 
and only 3 were positive. In short, 
of the 20 coefficients only 3 showed 
any tendency at all to support the 
hypothesis of shape-slant invariance. 

This evidence seemed to give no 
support to Koffka's (1935) hypothesis 
that regardless of the conditions of 
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stimulation there will be a relation 
between slant and shape judgments. 
Nor was there evidence here for Beck 
and Gibson's (1955) expectation that 
the judgments should tend to covary 
if the conditions for slant judgments 
induce relatively accurate slant judg- 
ments, Rather, it seemed that in this 
experiment the relationship between 
Slant and shape judgments was a 
Chance relationship throughout. 

If one disregarded the absence of 
relationship within the treatment 
groups, was there at least a tendency 
for the observed mean shape judg- 
ments to covary positively with the 
expected mean shape judgments? In 
Table 4, Row 2, are given the coeffi- 
cients of regression of observed mean 
shape on expected mean shape judg- 
ments under the two instruction 
conditions and the two motion condi- 
tions. Under the appearances in- 
struction the coefficients were —1.17 
(motion) and +1.66 (no motion); and 
under the objective instruction they 
Were —.49 (motion) and +1.21 (no 
motion). Allof these coefficients were 
significantly different from zero, their 
t's (99) being 12, 17, 3.8, and 9, 
respectively, p < .012, the error terms 
having been derived from Table 3; 
Row 3. 

Note that the two negative coeffi- 
cients under the motion condition 
contradict the invariant hypothesis. 
In contrast, under the motionless 
condition the coefficients are positive 


TABLE 4 


COEFFICIENTS OF REGRESSION OF MEAN JUDGMENTS (Js) OVER FIVE TREATMENT LEVELS 
! UNDER Two VELOCITY AND Two INSTRUCTION CONDITIONS 


Motion Motionless 
REIIGURSHIB App: Obj. App: Obj. 
Slant Js on physical slants ET. 13 
pugne (SH) Joon expected (EX) SHs| — —1.17 d —49 1.66 1.21 
HH js on retinal SHs 117. ^ — 1034 1.65 1.20 


SH Js on retinal SHs 
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and significantly different from zero. 
But these significant positive regres- 
sions under the motionless conditions 
do not imply a relation of invariance 
between the observed and expected 
shapes. In Row 3 of Table 4 is given 
the coefficient of regression of ex- 
pected mean shapes on retinal shapes 
under the motionless condition. That 
coefficient is +.97 and is significantly 
different from zero, t (50) = 19.4, 
p < .025, s, being .05. From this 
coefficient of +.97 one may conclude 
that a relationship existed between 
the expected mean shape judgments 
and the retinal shapes. But if the 
expected shapes covaried positively 
with the retinal shapes, then the 
significant, positive covariation be- 
tween observed and expected shapes 
that occurred in the data for the 
motionless condition implies that the 
observed shapes covaried pos 
with the retinal shapes. (In contrast 
notice that under the motion condi- 
tion the coefficient of regression of 
expected on retinal shapes was 
proximately zero, —.03, Table 4, 
Row 3.) The possibility that the 
shape judgments in this experiment 
covaried positively with the retinal 
shapes rather than with the sl 
judgments is next considered. 
When regression coefficients were 
computed between the four sets of 
five observed mean Shape judgments 
and the five perspective shapes, all of 
the four regression coefficients (Table 
4, Row 4) were positive and signifi- 
cantly different from zero, the t's (100) 
being 13, 12, 19, 11, respectively, 
p «.012. The tests of significance 
were made with error terms computed 
from Table 3, Row 1. This finding 
implies that the mean shape judg- 
ments regardless of the presence or 
absence of motion, or of the change in 


instructions varied with the retinal 
shapes, not with the slant judgments 


itively 


ap- 


ant 


as required by the various invariant 
hypotheses described earlier. i 
“Beck and Gibson (1955) had found 
that shape judgments may vary at 
random when conditions do not sup- 
port accurate slant judgments. Under 
those conditions, they asserted, the 
shape judgments need not vary with 
the retinal shapes. That prediction 
seems not to hold in this experiment. 
Brunswik (1944, 1956) had em- 
phasized the effects of instructions on 
judgments, expecting different in- 
Structions to produce radically differ- 
ent judgments. The appearances 
instruction under the motion condi- 
tion failed to elicit accurate shape 
judgments, as evidenced by the coeth- 
cient (1.17) of regression of mean 
shape judgments on perspective reti- 
nal shapes. Presumably the ap- 
pearances instructions induced what 
Brunswik (1944, p. 4) referred to as 
an "analytical perceptual attitude’ 
(proximal focusing). Under this atti- 
tude Ss presumably analyze the 
display and then “rely exclusively on 
perceptual appearances" jn judging 
the shape. To induce correct shape 
judgments (distal focusing) Brunswik 
(1956, P. 22) recommended instruc- 
tions which “drastically emphasized" 
the object qualities. Since the ob- 
Jective instructions in Exp. XI pos- 
sessed that emphasis, Brunswik would 
have expected them to induce good 
shape judgments, at least under the 
motion condition, and therefore à 
Positive covariation between mean 
shape and slant judgments. That 
different effect of the objective in- 
structions did not occur. The mean 
Shape judgments under the objective 
instructions varied with the retinal 
Shapes under the motion condition 
(b = 1.34) and under the motionless 
condition (b — 1.20). Moreover, the 
difference between the effects of the 
two different instructions under the 
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motion condition (1.34 vs. 1.17) was 
not significant. While the difference 
between the effects of the two in- 
structions under the motionless condi- 
tion (1.65 vs. 1.20) was significantly 
different, the direction of the differ- 
ence fails to support Brunswik. The 
objective instructions were observed 
to produce a coefficient (1.20) closer 
to 1.0 than was the case for the 
appearances instructions (1.65). Fol- 
lowing Brunswik, one would expect 
the appearances instructions rather 
than the objective instructions to 
produce a coefficient closer to 1.0. 

Finally, two procedural variations 
in this experiment require amplifica- 
tion. The Ss had been asked to judge 
the slant of a surface composed of 
many shapes, but to judge the height- 
width ratio of only one elliptical 
shape embedded in the surface. This 
procedure seems to be warranted by 
prevailing theories of space percep- 
tion, In those theories the registra- 
tion at some level of accuracy of the 
slant of a surface seems to constitute 
a sufficient condition for the percep- 
tion at a corresponding level of 
accuracy of the shapes composing the 
surface (see Flock, 1964c). 

Secondly, Ss first made slant judg- 
ments, then made shape judgments. 
The shape judgments, following the 
slant judgments, possibly benefited 
from the prior exposure to the display. 
This procedure might have introduced 
a bias in favor of making shape judg- 
ments that were more accurate than 
slant judgments, just as by reason of 
a bias derived from a different asym- 
metry Stavrianos (1945) found better 
Shape than slant judgments. In fact, 
however, slant judgments were accu- 
rate when conditions warranted it, 
but shape judgments under all condi- 
tions were inaccurate, varying with 
the retinal shapes, showing no shape 


constancy, and failing to covary with 
the perceived slants. 


GENERAL DISCUSSION 


Regardless of the fact that velocity 
was altered by a factor of 4:1 in Exp. 
I-III; regardless of the substitution of 
one electrostatic texture for a second as 
in Exp. I and IV; regardless of the use of 
irregular and unfamiliar textures in Exp. 
I-IV and regular, familiar textures in 
Exp. V-VII; whether Ss have practice 
or not with the displays as in Exp. I and 
VIII; so long as motion is discernibly 
present. (Exp. VIII vs. IX) and field of 
view is at least 17? or 35? (Exp. X), the 
relationship between observed and phys- 
ical slant found in Exp. I can be success- 
fully replicated under a wide variety of 
conditions. Only in the case of the low- 
density, i-in. regular surface did there 
occur a failure to replicate the findings 
from the reference experiment, Exp. I. 
Moreover, Ss' success in judging the 
slants of the irregular, unfamiliar sur- 
faces (Exp. I-IV and VIII) did not seem 
to depend on their ability to be able to 
judge the shape of at least one texture 
element on the surface (Exp. XI) or on 
the presumptive familiarity of the sur- 
face's texture elements (Exp. I-IV vs. 
V-VII). 

These findings seem to support the 
general hypothesis of this paper: that 
accurate slant judgments may depend on 
a pick-up from the light to the eye of 
relational variables which in turn specify 
correctly the’slant of distal surfaces (see 
Flock, 1962, for a specification of these 
theoretical variables). That hypothesis 
omits any reference to the particular 
stuff of which a surface is made. Any 
moving surface texture at a particular 
slant, regardless of its distance or ve- 
locity, will project exactly the same 
optical variable specifying its slant as 
any other surface. Change the slant of 
the surface and only the value given to 
the variable will be changed. In the ex- 
periments above the textural stuff com- 
posing some of the surfaces was presum- 
ably novel to Ss. But on the basis of the 
empirical findings it would seem that the 
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higher-order optical ae adage anp 
's slant were not novel. 
pers and McAlister (1955) have 
suggested that there are at least two 
strategies in attempting to explain the 
problems of monocular space perception. 
One, the traditional strategy, is to 
postulate subjectivist variables. The 
other, whose major proponent in percep- 
tion today seems to be Gibson, is to 
attempt to identify the variables of 
stimulation that on the one hand in- 
formatively specify the spatial character- 
istics of distal objects and on the other 
induce correct perceptions of the objects, 
If we are to advance our knowledge about 
these optical variables, presumably it 
will be increasingly necessary that we 
attend to the relationships between the 
characteristics of physical objects and 
surfaces on the one hand and the vari- 
ables in the patterned light corresponding 
to those physical characteristics on the 
other—what Gibson (1961) has recently 
referred to as ecological optics. For an 
example of this kind of analysis and the 


empirical predictions it yields, see Flock 
(1964b), 
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HANDLING-GENTLING AS A POSITIVE 
SECONDARY REINFORCER ! 


SALLY E. SPERLING asb FRED P. VALLE 


University of California, Riverside 


Food-deprived rats were given pretraining experience in which handling 
was paired with eating. During 12 acquisition sessions they learned 
to approach the compartment of a 2-compartment box from which they 
were removed and stroked, demonstrating handling to be an effective 
positive secondary reinforcer. 2 other groups, one given pretraining 
handling without deprivation and the other neither handled nor de- 
prived, showed no systematic change in entrances into their critical 
compartments. The 2 latter groups differed from each other in general 


activity level, with the prehandled Ss being more active. 


Recent experiments by Candland 
and associates (Candland, Faulds, 
Thomas, & Candland, 1960; Cand- 
land, Horowitz, & Culbertson, 1962) 
have cast doubt upon the efficacy of 
pre-experimental taming procedures 
in reducing or neutralizing the rat's 
seeming initial aversion to handling, 
as indexed by struggling, biting, uri- 
nating, defecating, etc., and have 
raised the question of the extent to 
which rat learning data might be con- 
taminated by the negatively reinforc- 
ing properties of handling. These 
investigators have shown (Candland 
et al, 1960) that both pre-experi- 
mentally gentled and nongentled rats 
learned to avoid an end box from 
which they were removed and stroked, 
choosing in preference a box where 
they were detained, and that they 
reversed this discrimination when the 
critical compartment was reversed. 
In a second study (Candland et al., 
1962), rats learned to avoid the black 
compartment of a two-compartment 
shuttle box from which they were re- 
moved and stroked for 20 sec. and 
showed retention of this response for 
at least 15 days. 


1This study was supported by a grant, 
G-24168, from the National Science Founda- 
tion to the first author. 


One of the primary differences be- 
tween the usual pre-experimental 
procedures and those used by Cand- 
land et al., is that pre-experimental 
handling is usually accompanied by 
the establishment of a primary de- 
privation schedule while no such 
deprivation manipulations were util- 
ized in the above experiments. The 
present experiment, therefore, was 
designed to examine learning with 
handling as a reinforcer following a 
pretraining period in which handling 
was paired with eating for food-de- 
prived rats in the expectation that 
this pretraining, which is more like 
the usual pre-experimental experience, 
would more effectively neutralize the 
aversive properties of handling than 
handling alone. 


METHOD 


The Ss were 30 male and female hooded 
rats bred and maintained in the laboratory 
colony. They had been weaned at 21 days of 
age, maintained in group cages of from 4 to 6 
rats until sexing at age 35 days, and main- 
tained in like-sized, same-sexed groups until 
age 48 days. All prior handling of Ss had been 
done by lifting them by the upper portion of 
the tail. 

At age 48 days all Ss were removed from 
group cages, by lifting them by the tail, and 
housed individually in the same rack. One 
group of six males and four females was 
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maintained on ad-lib. food and water but not 
handled for an ensuing 10-day period (Group 
NH). A second group of six males and four 
females was also maintained on ad-lib. food 
and water but each S was picked up from its 
cage once daily for the first 7 days of pre- 
training and at 12-hr. intervals for the last 3 
days and stroked for 5 min. following the 
procedure described by Weininger (1956); 
E held and stroked S from head to tail ap- 
proximately 50 times per minute (Group H). 
The third group of seven males and three 
females had continuous access to water but 
were fed dry lab chow mixed with water from 
a small glass cup while Æ held and stroked 
them following the above procedure. These 
Ss (Group HD) were fed once a day for the 
first 7 days (8 gm. per day) and at 12-hr. 
intervals (4 gm. per feeding) for the last 3 
days. 

Twelve hours after the last pre-experi- 
mental handling for Groups H and HD, each 
S in each of the three groups was placed in the 
apparatus for a 5-min. adaptation period, 
which was divided for scoring purposes into 
15 20-sec. intervals for a measure of pre- 
experimental activity. 

Pre-experimental handling for Groups H 
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ACQUISITION SESSION 


Frc. 1. Mean number of handlings per session 
of 15 20-sec. intervals by groups. 


and HD was discontinued at this time; Group 
HD Ss were maintained on a 12-hr. depriva- 
tion schedule, receiving 4 gm. of dry food 
mixed with water after each acquisition ses- 
sion. For the 12 acquisition sessions which 
followed for each S at 12-hr. intervals, initial 
placement into the apparatus was always i 
the same compartment—S's critical compart- 
ment determined semirandomly before adap- 
tation. If S was in this compartment at the 
end of any of 15 20-sec. intervals, he was 
removed by Æ, held in a gloved hand, stroked 
with an ungloved hand for 20 sec. at the rate 
of approximately 50 strokes per minute ina 
head-to-tail direction, and replaced in the 
apparatus depending on a random schedule 
for posthandling placements. 

The apparatus was a plywood rectangular 
box, 22 in. long, 7 in. wide, and 81 in. high, 
divided into two compartments, one painted 
flat black and the other flat white, by a ply- 
wood partition with a 4 in. high X 3 in. wide 
top-swinging wire mesh door. ‘The floor of 
the apparatus was of } in. diameter metal bars 
placed 3 in. apart; the top was hinged wire 
mesh. Overhead illumination was 29.5 ft-c; 
illumination in the black and white compart- 
ments was 23.4 ft-c and 24.5 ft-c, respectively. 


RESULTS? 


During the adaptation period, 
Groups NH, H, and HD were ob- 
served to have changed compartments 
at the end of successive intervals an 
average of 1.5, 2.1, and 2.4 times, 
respectively. An analysis of variance 
yielded an F value less than unity, 
indicating that the groups could not 
be considered to be different during 
adaptation. 

The mean number of handlings per 
group per session is depicted in Fig. 1. 
Analysis of variance indicated that 
there were differences among groups; 
F (2, 27) = 13.92, p < .001, and ses- 
sions, F(11,297) = 2.13, p < .025. 
Tukey 95% confidence intervals were 
computed for the overall group means. 


* Neither the analyses by sex differences 
nor critical compartment differences ap- 
proached statistical significance. Therefore 
these data have been combined for the 
respective groups. 
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By this analysis, all three group means 
differed significantly from each other. 

Tukey 9566 confidence intervals 
were also computed for the group 
means for Session 1 and Session 12, 
using the respective mean squares for 
within treatments. None of the group 
means for Session 1 could be consid- 
ered to be different; for Session 12, 
Group HD received significantly more 
handlings than either Groups NII or 
H which did not differ from cach 
other. 

A within-group comparison was 
made between Sessions 1 and 12 by 
Tukey 95% confidence intervals, 
'This analysis showed that the mean 
number of handlings could not be 
considered different for Group NH or 
Group H, but that Group IID was 
handled significantly more often dur- 
ing Session 12 than during Session 1. 


DISCUSSION 


The data for Group HD showed that 
these Ss learned to approach the com- 
partment from which they were removed 
and handled. Since no primary rein- 
forcement was given during acquisition 
sessions, it must be concluded that han- 
dling was an effective positive secondary 
reinforcer for these Ss, and, since Group 
H Ss did not exhibit this effect, that it is 
the combination of deprivation and 
handling that accounts for the Group HD 
data. Whether the preacquisition pair- 
ing of feeding and handling is a necessary 
condition for the establishment of han- 
dling as a secondary reinforcer cannot be 
determined from these data, but it is 
clear that it is at least a sufficient condi- 
tion and that the secondary reinforcer is 
strong and persistent under this pro- 
cedure. 

With respect to Groups H and NH, the 
present data do not replicate the findings 
of Candland et al. (1960, 1962). There 
was no evidence of learning based on the 
aversive properties of handling or, for 


that matter, any learning at all, and the 
pre-experimentally handled only group 
was different from the not handled group 
in terms of total number of handlings 
during acquisition. 

The difference. between. Groups NH 
and H seems best accounted for by the 
hypothesis that the effect of handling on 
Group NH Ss was to decrease or depress 
their general activity level in comparison 
to Group H, and, of course, Group HD. 
The data showed that the groups were 
exhibiting approximately equal, and low, 
amounts of activity during the adapta- 
tion period when they were not handled. 
Leaving out Group HD whose acquisi- 
tion data confound spontaneous ac- 
tivity and learning, comparisons between 
Groups NH and H on the number of 
spontaneous crossings during the first 


acquisition session, i.e., ignoring intervals 
where Æ had replaced S in à different 
compartment from which he was re- 
moved, showed that Group H Ss ex- 
hibited almost three times as many 
crossings as Group NH which showed 
almost no change from the adaptation 
period. By the end of acquisition, Group 
NH'’s spontaneous activity level had in- 
creased slightly but was still less than 
half of Group H's. The Group NH Ss, 
then, seemed more likely to stay where 
they were, whether in their critical com- 
partment or not, than the Group H Ss 
who moved about the apparatus more 
freely. 

This conclusion is supported by an 
experiment by Weininger (1956) in 
which it was found that pre-experimental 
gentling of albino rats resulted in more 
ambulatory movement in an open field 
than was observed in Ss not pre-experi- 
mentally handled. The data of Barry 
(1957) and Bernstein (1957) are also 
consistent with this interpretation. 

It seems most likely that the usual 
pre-experimental procedures where tam- 
ing and feeding are separated in time 
are effective in neutralizing the initially 
aversive effects of handling and that 
these Ss, like Group H Ss, do not react 
to handling during the experiment proper 
in any systematic fashion. 
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EFFECT OF SPATIAL SEPARATION OF STIMULUS, 
RESPONSE, AND REINFORCEMENT ON SELECTIVE 


LEARNING IN CHILDREN ! 


WENDELL E: JE 


“FREY asb LESLIE B. COHEN 


University of California, Los Angeles 


60 children of 2 age levels were randomly assigned for training under 
5 possible combinations of spatial contiguity or separation of stimulus, 
response, and reinforcement. 2 levels of stimulus difficulty were used. 
Children learned only in the 2 conditions where stimulus and response 
were contiguous. Previous evidence indicating that monkeys learned 
under stimulus-reward contiguity was shown probably to be a matter 
of transfer of training from previous training under conditions of 
stimulus-response contiguity in a repeated-measures design. Age was 
not an important variable in learning the easy discrimination, and the 
difficult discrimination proved to be too difficult for both age groups. 


A number of studies of selective 
learning have shown that spatial 
separation between stimulus and re- 
sponse markedly retards learning in 
primates as well as children (Meyer, 
Polidora, & McConnell, 1961; Mur- 
phy & Miller, 1955, 1959; Stollnitz & 
Schrier, 1962). 

Murphy and Miller (1958) also 
manipulated the locus of reward and 
found that monkeys could learn with 
the stimulus and response separated 
as long as the reward was contiguous 
with the stimulus. However, inas- 
much as each monkey served in all 
conditions of stimulus, response, and 
reward separation, their results may 
have reflected transfer effects from 
previous training. ' 

The present experiment was de- 
signed to re-evaluate the problem of 
spatial contiguity of stimulus, re- 
sponse, and reward. Nursery school 
children were used in independent 
groups, thereby eliminating any po- 


1 This research was supported in part by 
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We are extremely grateful to Ruth Brody 
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tential facilitation through prior train- 
ing. Two age groups and two levels of 
stimulus similarity were also used. In 
addition, after the initial experiment 
was completed, the effect of previous 
training on transfer to the condition 
where stimulus and reward are con- 
tiguous and response is separated was 
evaluated. 


METHOD 


Subjecis.—Sixty nursery school children 
served as Ss. They were equally divided into 
two age categories: a Young group with mean 
CA of 41 mo. and a range of 36-47 mo., and an 
Old group with mean CA of 53 mo. and a 
range of 48-58 mo. Adequate rapport was 
established with each child before he par- 
ticipated in the experiment. 

Apparatus.—A trailer parked adjacent to 
the play yard of the nursery school housed a 
modified Wisconsin General Test Apparatus 
(WGTA). The test tray, painted medium 
gray, held five wooden cubes, 23 in. on each 
side, located as indicated schematically in 
Fig. 1. Blocks in the upper left (UL), center 
(C), and upper right (UR) of the figure were 
also painted medium gray while stimulus 
blocks, LL and LR, were either white and 
black, or light and dark gray. A felt-lined 
reward cup, 1} in. in diameter and £ in. deep, 
hidden under each block, could hold token 
reinforcers which were exchanged for a bag 
of trinkets at the conclusion of the experiment. 
The tokens were collected in a small green 
plastic hat. Cups UL and UR were 11 in. 
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Fic. 1. Schematic diagram of 
layout of WGTA. 


apart as were Cups LL and LR. There was 
an 8-in. separation between UL and LL, and 
UR and LR. Cup C was also 8 in. removed 
and equidistant from each of the others. A 
gray cloth screen which could be opened and 
closed by E prevented S from observing the 
baiting of the tray. 

Procedure.—The Ss in the two age groups 
were randomly assigned to one of five groups 
differing in spatial separation of stimulus (S), 
response (R), and reward (Re). The five 
spatial-separation conditions were as follows. 
Cond. I: contiguous S, R, Re; Cond. II: 
S, R contiguous, Re separated; Cond. III: 
S, Re contiguous, R separated; Cond. IV: 
R, Re contiguous, S separated; Cond. V: S, R; 
Re separated. One half of each group (three 
Ss) was trained on the easy, black-white 
discrimination; the other half was trained on 
the more difficult dark gray-light gray dis- 
crimination. Training proceeded for 60 trials. 
The rewarded stimulus was counterbalanced 
by having the lighter of the two stimuli 
correct for one half the Ss, the darker stimulus 
being correct for the remaining half. The 
positions of the Lighter and Darker stimuli 
were systematically interchanged throughout 
the trials according to the sequence, LDD- 
LLLDDDLLD, which indicated the stimulus 
to be placed to E's left. 

The S was seated in front of the WGTA 
and told that if he filled the green hat in front 
of him with the little black beads he could 
win all the trinkets. Following this E sat 
behind the WGTA out of S's view. After 


hiding the bead under the appropriate block 
for the experimental condition, the tray was 
pushed forward. The S's attention was alled 
to the two response blocks and he w 
told not to touch any of the remaining blocks. 
The S was then given a sample trial in which 
both a reinforced and nonreinforced response 
were required. . 

In Cond. I removal of the correct stimulus 
block (LL or LR) revealed the reward. In 
Cond. I| S's response was again to the 
stimulus block but reinforcement was deliv- 
ered by E's removal of Block C if S's choice 
was correct. Otherwise the tray was with- 
drawn. In Cond. III S responded to UL or 
UR and E removed the stimulus block (LL 
or LR) on the same side as S's response, un- 
covering a bead if S had responded to the 
correct side. In Cond. IV S found the rein- 
forcer under the response block (UL or UR) 
on the same side as the correct stimulus block. 
In Cond. V S responded to UL or UR and was 
reinforced at C as in Cond. IT. 

Once S had picked up one block and re- 
turned it, the tray was pulled back by Æ, the 
screen closed, and the blocks put in position 
for the next trial. The E then reopened the 
screen to return the tray. Each 60-trial 
testing session averaged about 20 min. At 
the conclusion of 60 trials every S was told 
that he now had a sufficient number of beads, 
and was given the bag of trinkets. 


RESULTS AND DISCUSSION 


The black-white stimulus pair led 
to a higher frequency of correct re- 
sponses than the dark gray-light gray 
pair, F (1,48) = 17.89, p < .001. 
The older S's performance did not 
differ reliably from that of the younger 
Ss and no interaction reached sta- 
tistical significance. 

Frequency curves of acquisition for 
the five treatment conditions, ignoring 
both stimulus similarity and age, are 
shown in Fig. 2. The difference be- 
tween the five conditions on number of 
correct responses was statistically sig- 
nificant, F (4, 40) = 8.97, p < .001. 
Duncan's multiple-range test indi- 
cated that Cond. I and II were reliably 
different (p « .001) from IIT, IV, and 
V, but were not significantly different 
from each other. The Ss under Cond. 
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III, IV, and V, did not significantly 
differ from one another. 

Murphy and Miller (1958) con- 
cluded that stimulus-creward conti- 
guity significantly facilitated learning, 
yet the children under this condition 
in the present experiment did not 
learn. In order to determine whether 
Murphy and Mille results might be 
attributable to transfer of training, 
three children were randomly selected 
from the black-white cue groups of 
Cond. I, I, IV, and V. Each S was 
first given 24 retraining trials under 
his original training condition followed 
by the appropriate instructions and 48 
training trials on Cond. Ill. Those 
Ss who had had prior training under 
Cond. I and Il, transferred quite 
easily to Cond. III obtaining a mean 
score of 89.69% correct over 48 trials, 
whereas those trained previously un- 
der Cond. IV and V averaged only 
60.695 correct. The difference 
tween these groups was significant, 
F (1,10) = 6.19, p < .05. 

There is some evidence that the ac- 


quisition of appropriate or inappropriate 
observing may be at least 


be- 
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partially responsible for the varying de- 
grees of difficulty of the five tasks. 
Schuck (1960) has shown that monkeys 
will tend to restrict their observations to 
the region of the manipulanda, thus 
precluding a view of the stimuli when 
spatially separated from the response. 
Indeed, if a panel which prevents ob- 
servation of the manual response (Otte- 
son, Sheridan, & Meyer, 1962) is inserted 
in the apparatus, learning to discriminate 
remote stimuli is facilitated, presumably 
because the likelihood that the stimuli 
will be observed is increased. Thus, 
when the stimulus and response are 
spatially separated. (Cond. IV or V), S 
tends to restrict his view to the area of 
the response. In Cond. Ill, however, 
observing responses should be highly 
likely to the stimuli contiguous with the 
reward, but inasmuch as that observation 
follows the response it apparently does 
not affect performance unless S has pre- 
viously had experience with the stimuli 
and responses spatially contiguous. We 
must conclude, then, that with experi- 
mentally naive children, stimulus-re- 
sponse contiguity is a necessary condition 
for learning. Whether they can learn 
with the stimulus and response separated 
when the manipulanda are not observ- 
able has yet to be determined. 


5 6 


Percentage of correct responses under the various conditions: (1) cue, response, 
reward; (3) cue, reward . . . 


response; (4) cue . . . response, 
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PARTIAL REINFORCEMENT EFFECT AND EXTINCTION 
AS A FUNCTION OF FRUSTRATION 
AND INTERFERING RESPONSES! 


LANGDON E. 


LONGSTRETH 


University of Southern California 


4 groups of rats were trained and extinguished in a straight alley. 
1 of these was intermittently fed in the 


groups were 100% reinforced. 


start box during training (SB 4). 


3 


Another served as a control for 


handling and confinement procedures, but was not fed in SB (SB aj 
The 3rd group was given conventional 100% reinforcement training 


(100-C). 


A 4th group was given conventional 50% X 
training (50-C). In general, the results indicated: (a) the typica 


reinforcement 
]PRE, 


with 50-C most resistant and 100-C least resistant to extinction, (b) 
SB- more resistant to extinction than SB— or 100-C, (c) no relation- 


ship between goal-box behavior and resistance to extinction, an 
ter extinction for Ss who avoided the goal box during extinc 


fa 


tion. 


These results were interpreted as supporting frustration theory and as 
incompatible with contiguity-interference theory. 


Two prominent explanations of the 
partial reinforcement effect (PIRE) are 
Amsel's frustration theory (Amsel, 
1958) and Weinstock's interference- 
habituation theory (Weinstock, 1954, 
1958). According to Amsel's position, 
extinction will be retarded to the ex- 
tent that the instrumental response 
(Rin) is conditioned during acquisition 
to frustration-produced stimuli (sy) 
which are present during extinction. 
'The usual way of providing such cues 
is to partially reinforce Rin, thus 
presumably frustrating S during ac- 
quisition. Another way would be to 
intermittently feed S in the start box 
(SB), while reinforcing him in the goal 
box (GB) 100% of the time. Assum- 
ing that conditioned frustration re- 
sponses would then be elicited by 
placement in an empty SB, and allow- 
ing Rin to occur contiguously with 
such placement, conditions would be 
created which should provide the 


1This research was supported by grants 
from the National Institutes of Health 
(M-6331) and the National Science Founda- 
tion (G-16301). The author is indebted to 
Norman Gold, who ran Ss in this experiment. 


necessary s;-A;, conditioning. These 
conditions were provided in the pres- 
ent study, with the prediction that 
such Ss would be more resistant to 
extinction than control Ss not fed in 
SB but 100% reinforced in GB. 

According to Weinstock's position, 
extinction is produced by responses 
in the empty GB which generalize to 
the SB or alley and compete with Rin, 
producing extinction. Thus a rat 
which backs or turns around in GB 
should extinguish faster than a rat 
which does not engage in these or 
other incompatible responses. These 
responses are “habituated,” however, 
by nonreinforced acquisition trials. 
Thus partially reinforced Ss emit such 
responses at a low rate during extinc- 
tion, resulting in greater resistance to 
extinction. 

The variety of goal-box behavior 
makes it difficult to record incompat- 
ible responses, thus perhaps account- 
ing for the infrequency with which 
such data are reported. In the 
present study, the apparatus was con- 
structed in such a way as to eliminate 
most gross behavior in GB other than 
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backing up or turning around. This 
was accomplished by restricting the 
inside dimensions of GB to 2 in. in 
width and height. According to 
Weinstock’s theory, it was therefore 
predicted that resistance to extinction 
would be inversely related to amount 
of backing and turning-around be- 
havior. It was also predicted that 
these responses would occur with de- 
creasing frequency over the nonrein- 
forced acquisition trials of a partially 
reinforced group, and that these Ss 
would enter extinction with a lower 
rate of occurrence for such responses 
than 10097 reinforced .Ss. 


METHOD 
Subjects 


Sixty naive albino rats of the Wistar strain 
who had been bred in the departmental 
colony and were about 100 days old at the 
beginning of the study served as Ss. They 
were randomly assigned to four groups, with 
13, 14, 16, and 17 Ss in each group. The data 
of another 11 Ss were discarded because of 
failure to run or eat during preliminary trials. 
In order to increase precision, the data of 12 
female Ss who exhibited considerable turning- 
around behavior in GB were discarded except 
when specifically mentioned, leaving final Ns 
of 12, 12, 14, and 10. 


Apparatus 


The apparatus consisted of a gray SB, 
alley, and GB. Height and width were 2 in. 
throughout, and length of the three com- 
ponents was 10 in, 4 ft, and 18 in., re- 
spectively. Two doors separated the three 
components, and hinged false floors 3 in. from 
the ends of the alley activated a circuit leading 
to a Standard Electric clock, providing an 
automatic measure of running time. A second 
clock was activated manually, approximately 
simultaneously with opening of the SB door, 
and terminated automatically with depression 
of the first false floor, thus providing a 
measure of starting time. The cover of the 
entire apparatus was clear plastic, making it 
possible to observe S in all parts of the 
apparatus. 


Procedure 


Habituation.—All Ss were placed on a 
23-hr. food deprivation schedule 5 days before 
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the experiment be: Water was available 
ad libitum. This schedule was maintained 
throughout the experiment, and Ss were about 
22 hr. hungry on all acquisition and extinction 
trials. Food consisted of ground wet Purina 
chow. i 

All Ss received five preliminary trials, with 
food scattered throughout the alley and GB 
on the first three trials and restricted to a 
small metal pan at the end of GB on the 
last two trials. 

Acquisition.— V hirty acquisition trials were 
administered to all Ss, with two or three trials 
per day and an intertrial interval ranging 
from 1 to 2 hr. Confinement in GB was for 
30 sec. " 

Three groups were 1005% reinforced in GB. 
One of these groups was fed in SB on a 
randomly determined 15 of the 30 trials. The 
procedure on these trials was as follows: S was 
fed 15 sec. in SB, usually consuming all the 
available food in that time, and was then 
removed to a waiting cage while SB was 
cleaned of food particles. Replacement fol- 
lowed immediately, and the SB door was 
opened 5 sec. later, allowing access to the 
alley. On all other trials, Ss of this group 
(SB 4-), as well as Ss of all other groups, were 
confined in SB for 5 sec. 

A second 100% reinforcement group was 
treated exactly the same except that SB was 
always empty (SB—). A third 100% 
forcement group was given conventio: 
treatment (100-C). That is, SB was always 
empty and confinement was always 5 sec. 
A fourth group was given conventional 50% 
reinforcement training. The schedule of GB 
reinforcements was the same as the schedule 
of SB feedings for Group SB+-. Thus these 
two groups were exposed to the same inter- 
mittent reinforcement schedule, one group 1 
SB and the other in GB. 

Extinclion.—All groups received the same 
treatment during extinction: 30 nonrein- 
forced runs from SB to GB. All Ss were con- 
fined in SB for 5 sec. and in GB for 30 sec. 
The door to GB was closed after S entered it 
to prevent retracing. If S did not traverse 
the alley in 30 sec., he was removed and a 
running time of 30 sec. recorded for that trial. 
Three or four trials were given per day, with 
an intertrial interval ranging from 1 to 2 hr. 

Response measures.—live response meas- 
ures were recorded: starting time, running 
time, frequency of turning around in GB, 
amount of backing in GB, and avoidance of 
GB. Amount of backing was rated on ? 
4-point scale: a score of 3 represented 12 Of 
more in. of backing, a score of 2 represente 
between 2 and 12 in. of backing, a score of 
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represented between 0 and 2 in. of backing, 
and if S did not move at all, even by pulling 
his head back from the food pan, a score of 0 
was recorded. Independent ratings by two 
Os in a preliminary study indicated satisfac- 
tory reliability, with only 2 of 28 pairs of 
ratings showing disagreement. 

Avoidance of GB was recorded if S tra- 
versed the alley within 30 sec., but did not 
enter GB. ‘Turning around (TA) was re- 
corded if S turned around after entering GB. 


RESULTS AND DISCUSSION 


Resistance to extinction.— Means of 
median starting and running times for 
each block of five extinction trials are 
presented in Fig. 1 and 2. Acquisition 
differences for the four groups were 
negligible, as is suggested by means 
on the first block of extinction tri: 
Both figures indicate similar trends: 
(a) the typical PRE, with Group 
100-C extinguishing fastest and 50-C 
slowest, and (b) SB+ more resistant 
to extinction than SB— or 100-C, 
particularly with starting times. 

Analvsis of variance of starting 
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MEAN STARTING TIME (SEC.) 


times vielded a significant Groups 
X Trials interaction, F (15, 220) 
= 3.90, p < .001, suggesting the four 
groups did not extinguish at the same 
rate. Heterogeneous within-cell vari- 
ances, due mainly to less variability 
for Cond. 50-C, suggested the need for 
another type of evaluation. A median 
test was performed over all 30 extinc- 
tion trials, dividing each group into 
those above and below the general 
median. The results were x? (3) 
= 12.59, p < 01, confirming the anal- 
s of variance results. 

In order to determine if there was 
systematic extinction variance not 
accounted for by the PRE, a second 
analysis of variance was performed, 
excluding the data of Group 50-C. 
A significant Groups X Trials interac- 
tion was obtained, F (10, 175) — 4.39, 
p «.001. A final analysis of Groups 
SB+ and SB— alone, employing the 
error term from the previous three- 
group analysis, also yielded a signifi- 
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Mean starting time in extinction as a function 
of experimental conditions. 
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Fic. 2. Mean running time in extinction as a function 
of experimental conditions. 


cant Groups X Trials interaction, in greater resistance to extinction than 
F(5,175) = 3.66, p <.005. It is the absence of such feedings. 

therefore concluded that intermittent Similar analyses of running times 
SB feedings during training resulted indicated that Groups SB-+, SB—, 
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Fic. 3. Mean proportions of GB backing ratings of 2 and 3 
as a function of experimental conditions. 
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and 100-C all extinguished at the same 
rate. Within Amsel's theory, this 
discrepancy is not entirely unex- 
pected. It need only be observed that 
the beginning of R,» was more contigu- 
ous with empty SB confinement than 
later segments of Rin Thus one 
would expect stronger conditioning of 
sy to the starting response than to the 
running response. 

Goal-box behavior.—Backing behav- 
ior during the 15 nonreinforced acqui- 
sition trials (Group 50-C) and 30 
extinction trials is presented in Fig. 3, 
in blocks of five trials. This figure 
indicates the mean proportion of trials 
on which backing behavior in excess 
of 2 in. (a rating of 2 or 3) occurred. 
Only trials on which .Ss entered GB 
were used in calculating these means. 
Figure 3 indicates that backing be- 
havior increased  (nonsignificantly) 
over the 15 nonreinforced acquisition 
trials for Group 50-C, and that amount 
of backing behavior during early ex- 
tinction trials was about the same for 
all four groups. These data appear to 
be inconsistent with Weinstock's ex- 
planation of the PRE. Turning- 
around proportions were not calcu- 
lated for the four groups because only 
two or three Ss per group manifested 
such behavior. 

The relationship between backing 
behavior and resistance to extinction 
was evaluated by first matching Ss 
within groups in terms of sex and 
number of trials GB was entered. 
Three matched pairs were then picked 
from each group who differed most in 
the proportion of trials on which a 
backing rating of 2 or 3 was recorded. 
The two resulting groups of 12 Ss 
were thus closely matched on sex (2 
females, 10 males) and number of GB 
entrances (234 and 235), and differed 
only in amount of backing behavior 
(median proportions of ratings of 2 or 
3 equaled .14 and .58). Starting and 


running times both failed to yield a 
difference between these two groups 
that even approached significance. 
The relationship between TA and 
resistance to extinction was similarly 
evaluated, using the data of females, 
since onlv females manifested this be- 
havior. Two groups of 10 females 
were formed, matched on number of 
trials GB was entered and differing 
on proportion of trials that TA was 
recorded (mdn. proportions = 14 and 
46). As with backing behavior, 
neither starting nor running times 1n- 
dicated a difference between these two 
groups that approached significance. 
The relationship between GB avoid- 
ance and resistance to extinction was 
evaluated in the same general way. 
Two groups of 12 Ss, matched on sex 
and number of trials on which the 
alley was traversed, differed on the 
proportion of trials on which GB was 
avoided (mdn. proportions = .21 and 
.45). Running times were signifi- 
cantly different for these two groups, 
with faster extinction for Group .45, 
F (1, 22) = 6.33, p < .05. Starting 
times, however, revealed no significant 
difference. It was also found that 
Group 50-C engaged in significantly 
less GB avoidance than the other 
three groups, F (3,44) = 4.23, p «.05. 
The lack of a relationship between 
backing and TA behavior and resist- 
ance to extinction is not only incon- 
sistent with contiguity-interference 
theory, but also appears to be at odds 
with data reported by Adelman and 
Maatsch (1955). These investigators 
found that turning around in GB 
and retracing the alley resulted in 
faster extinction than GB confine- 
ment. However, it must be recalled 
that turning around resulted in escape 
from GB, whereas in the present study 
escape was impossible. Within a 
frustration point of view, turning 
around followed by escape from GB 
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would be reinforced by a reduction in 
frustration-produced drive, and there- 
fore would be learned, resulting in 
faster extinction. With no possibility 
of escape, frustration reduction would 
not occur, and thus no learning would 
take place. Thus a reinforcement- 
interference theory, such as Amsel's, 
would fit both sets of data. Such a 
point of view is further suggested by 
the present finding of a positive rela- 
tionship between GB avoidance and 
extinction rates. Avoidance behavior, 
unlike backing and TA, resulted in 
avoidance of GB cues, and, presum- 
ably, in reduction of conditioned 
frustration responses. Wagner (1963) 
has recently presented data more 
directly supporting the motivational 
properties of these hypothetical re- 
sponses. lle found that cessation of 
cues previously associated with non- 


. LONGSTRETII 


reward served as reinforcement for a 
hurdle-crossing response. 
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152 students performed 2 tasks. First, they learned to identify stimulus 
configurations using 3, 9, or 18 different responses. The response re- 


ferred to values of 1, 2, or 3 stimulus dimensions. 


cant differences between groups 


(p < .001). For the 2nd task Ss were presented the oi 
and others which differed systematically from them. S 
or not they had seen each stimulus during Task 1. 


There were signifi- 
responding to different dimensions 
s ginal stimuli 
tated whether 
who responded 


to certain dimensions during Task 1 identified stimuli with new values 


of those dimensions better than their controls (p < .001). 


cluded that cue 


It was con- 


may acquire distinctiveness if the cue is considered 


to be a value of a stimulus dimension and not a stimulus configuration 


per se. 


In this study an attempt was made 
to demonstrate acquired distinctive- 
ness of cues (ADC) using human .Ss 
and a paired-associate learning task. 
Robinson (1955), and Hake and Erik- 
sen (1955, 1956) attempted to demon- 
strate ADC using this method; but 
their studies did not successfully do 
so. There is good reason to believe 
that ADC is a demonstrable phe- 
nomenon since Lawrence (1949, 1950) 
demonstrated it using discrimination 
tasks and rats as Ss. This study is 
similar to those of Lawrence in that 
the cues in ADC refer to stimulus 
dimensions. Cues were considered 
to be stimulus configurations in. the 
Robinson, and Hake and Eriksen 
studies. 

Two tasks were utilized in the 
present study. First Ss learned differ- 
ent verbal responses to certain designs, 


1 This paper is based on a PhD dissertation 
submitted to the Graduate School of the 
University of Minnesota. The author ES 
indebted to James J. Jenkins for his advice 
and encouragement during the course of this 
study. A portion of this study was read at 
the Midwestern Psychological Association 
Meeting in Chicago, May 1963. 

? Now at Arlington State College. 


and second they were asked to 
identify, from a larger group of de- 
signs, those of the first task. It !5 
hypothesized that if the cues acquired 
distinctiveness during the first task 
certain of the designs would be easier 
to identify for some Ss than for others. 
It is also hypothesized that if Ss were 
responding to the stimulus aspects 
rather than the designs qua configura- 
tions there would be differences in the 
learning rates using the same stimuli 
and the same responses. 


METHOD 


Materials. —The materials which were 
used were designs drawn on 3 X 5 index cards. 
Each design was a triangle with a little cross 
drawn somewhere on the card. By using 
different shape triangles and making them 
different si and putting the cross in differ- 
ent positions in relation to the triangle the 
design could be varied in three formally 
independent dimensions. By using 3 values 
of each of these dimensions, that is, 3 shapes, 
3 sizes, and 3 positions, there are 27 possible 
ms which can be drawn. The first task 
used 18 of these designs. 

For the second task all of the possible 
combinations (27 designs) were used. Twenty 
other designs were also used here. These in- 
cluded 6 which consisted of one of the afore- 
mentioned shapes and sizes but with the cross 
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Ss during the two tasks of the experiment, 
(The first letter of the name is associated with 
the shape; the second with the size; and the 
number is associated with the position of the 
cross. Forty-seven combinations of these 
dimensions are used.) 


in one of two new positions (position stimuli), 
and 6 with one of the aforementioned sizes and 
positions with one of two new shapes (shape 
stimuli), and 6 with one of the aforementioned 
shapes and positions and one of two new 
sizes (size stimuli). The other 2 designs had 
a new size, shape, and position (all aspects 
new stimuli). 

All shapes, sizes, and positions are repre- 
sented in Fig. 1. The designs can be identified 
if the shapes are labeled A, B, C, D, and E; 
the sizes labeled V, W, X, Y, and Z; and the 
positions labeled 1, 2, 3, 4, and 5. Thus any 
design can be identified by the label for its 
shape, size, and position, e.g., A-Y-1. 

Procedure.—Each S was assigned to one 
of seven experimental groups and given two 
tasks to perform. The first task was a paired- 
associate learning task with 18 designs used as 
stimuli. The verbal responses varied from 
group to group. 

Groups I, II, and IIT had 3 different re- 
sponses; Groups IV and V had 9 different 
responses, and Groups VI and VII had 18 
different responses to learn to the 18 stimuli. 
The responses for Groups I, II, and III were 
the verbal “D-1,” '"F-6," and “G-3.” 'These 
were associated with shape values in Group I, 
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size values in Group ll, and position value in 
Group III. The dimensions not associated 
were irrelevant. 

The responses for Groups IV and V had 
two independent elements: the first was one of 
the three letters A, B, and C; and the second 
was one of the three numbers 1, 2, and 3. 
Independent combinations of these give nine 
responses, e.g., "B-2." The letters related to 
the shapes for Groups IV and V, and the 
numbers related to the size in Group IV, and 
position in Group V. 

For Groups VI and VII a new element was 
added to the responses of Groups IV and V. 
One of the letters X, Y, or Z was combined 
with A, B, or C and 1, 2, or 3 for one of 27 
possible responses, e.g., *A-Y-3." However, 
if A, B, and C corresponded to the shapes; 
X, Y, and Z to sizes; and 1, 2, and 3 to 
positions, each stimulus was uniquely identi- 
fied with one of 18 different responses. "These 
pairings were made for Group VI. 

The stimuli presented to Group VII were 
given the same responses as those of Group 
VI; however, the responses were randomly 
related to the stimulus configurations. 

Each S was given 90 presentations of the 
stimuli, or five randomizations of the 18 
stimuli. The S had the possible responses on 
a card before him. After each response by S 
E gave the correct response for that stimulus, 
or if the response were acceptable, E said 
"correct." Comparisons were made between 
the groups on the number of correct responses 
to the stimuli to test for differences in the 
rate of learning. 

Approximately 1 min. after Task 1, Task 2 
was run. The second set of cards was pre- 
sented one at a time to S. For these he 
responded *'yes" if he thought it was different 
from all of the cards in Task 1, and “no” if 
he thought it was the same as at least one of 
the cards in Task 1. Forty-seven cards were 
randomly presented three times each. 

ADC was tested by comparing the different 
groups’ responses to the different stimulus 
classes by analyses of variance. The 18 
learning stimuli, the 9 filler stimuli, the 6 
position stimuli, the 6 size stimuli, the 6 shape 
stimuli, and the 2 all-aspects-new stimuli 
composed the stimulus classes compared. 

Subjects—The Ss were 152 volunteers 
from the elementary psychology courses at 
the University of Minnesota. Four of these 
were discarded due to errors of procedure. 
Eight Ss (7 from Group II, 1 from Group I) 
failed to reach a learning criterion (three SDs 
above chance) which was established for 
Groups I, II, and III; and were not used in 
the analyses of the data of Task 2 
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TABLE 1 
Comparisons or NUMBER or Correct RESPONSES IN TASK 1 
EX 
n USING t TESTS BETWEEN ADJACENT GROUPS 
1 ut 1 iI M IV VI Vil 
f ines) (sh) (si) (sh-pos) (sh-si) (sh-si-pos) (random) 
X 87.45 72.85 62.74 55.90 38.65 a 3.65 
d 19 46 15 33 32 
P 4,399 LA j i- 2.65** a Loca 4,76*** 
**p c.0t. 
*** p c 001, 
RESULTS crimination, as did the number of cues 
A Gverall:analvsissol vadiamie was which had to be discriminated and the 
not erfonted e the n i be : í number of different response? k 2 
E E CUMS o The recognition task (Task 2) 


correct responses during the learning 
task due to great heterogeneity of 
variance. The largest variance was 
359 times as large as the smallest. 
However, a median test showed sig- 
nificant differences in central tend- 
ency, x? (6) = 73.3, p < .001. 

The seven groups were arranged in 
order by mean number of correct 
responses. Adjacent groups were 
compared by / tests. The results are 
given in Table 1. It can be seen that 
there are significant differences be- 
tween groups with the same number 
of responses, e.g., Groups I, II, and 
III, as well as between groups with 
different numbers of responses. Gen- 
erally, the specific dimensions which 
were used for discrimination deter- 


mined the ease of learning the dis- 


showed that certain of the cues were 
more discriminable than others, ir- 
respective of the specific cues to which 
the responses were learned during the 
first task. Table 2 illustrates this 
result. The all-aspects-new stimuli 
were most easily identified. Second 
most easily identified were the posi- 
tion stimuli. Next in ease of identi- 
fication were the shape stimuli. There 
were, however, no differences in the 
number of "no" responses to the size 
stimuli, the filler. stimuli, and the 
learning stimuli. The number of "no" 
responses which are recorded in Table 
2 are "correct" for all stimuli except 
the learning stimuli. 

There were between-group differ- 
ences as well as between-stimuli 


TABLE 2 


MEAN NUMBER OF TIMES PER 18 RESPONSES Ss IDENTIFIED DIFFERENT 


CLASSES OF STIMULI OF THE SECOND 


FROM ANY STIMULUS 


ASK AS DIFFERENT 
OF THE First TASK 


I II Ill IV Y VI VII 

Seas (sh) (si) (pos) (sh-si) (sh-pos) (sh-si-pos) | (random) 
All- s- 14.1 12.9 17.40 16.20 17.25 16.95 15.20 
(M "e 11.05 10.30 17.40 13.05 16.25 16.30 13.60 
Shape 7.00 4.05 2.30 9.75 9.55 9.10 4.80 
Size 1.15 2.50 1.30 2.15 S 2.55 1.45 
Filler 1.87 2.37 1.23 2.60 17 3.23 1.40 
Learning 1.93 1.88 1.52 2.27 .63 2:72 1.68 
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differences. The Ss in the groups who 
learned to respond to the position of 
the cross identified significantly more 
stimuli with new values of this di- 
mension than did the other groups. 
A contrast of these two sets of groups 
was highly significant, F (1, 133) 
= 43.18, p < .001. The same kind of 
an analysis gave virtually identical 
results for the number of identifica. 
tions of the new values of the shape 
dimension. This time Ss who learned 
to respond to the shape identified a 
significantly greater number of stim- 
uli, F (1,133) = 41.71, p < .001. The 
same results also held for the size 
stimuli, F (1, 133) = 16.50, p < .001; 
however, in this case the results were 
confounded by these Ss also identify- 
ing a greater number of the stimuli to 
which the responses were le 
Task 1 as being “new.” 
tendency was statistically controlled 
these differences disappeared, F 
(6,132) = 1.619, p > 05. 


arned in 
When this 


Discussion 


The Ss who learned to give responses 
based upon values of certain dimensions 
of stimulus configurations identified new 
values of those dimensions better than 
their controls. This remained true 
whether S responded to values of one, 
two, or three dimensions of the stimulus. 
Furthermore, the accuracy of this identi- 


fication was positively related. to the 
original saliency of the dimension dis: 
criminated. The accuracy also was 
relatively independent of simple verbal 
labels of the dimension values, since the 
values of the most salient dimension 
were not easily labeled. These results 
are interpreted as evidence for ADC. 
The Ss who learned to give specific 
responses to certain “cues” later dis- 
criminated those cues better than Ss who 
did not respond specifically to those cues. 
This interpretation is valid only if one 
considers the cues to be values of stim- 
ulus dimensions and not stimulus con- 
figurations qua configurations. 
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v geometrical designs into 1 of 2 
r involving an initial perceptual- 


orienting response, it mediating response, and a final-choice response, 


they received a series of 10 nonrei 
reversal or nonreversal shift. The 


nforcements followed by either a 
perceptual-orienting response of 


half of the Ss during the extinction series was not followed by the appear- 


ance of the design For the remaini 
shown the designs exhibited the cu 
over a nonreversal shift. The othe 
their mediational response had been 


The purpose of this experiment. was to 
determine the effects a series of nonreinforce- 
ments had upon a concept-learning chain that 
had already been acquired. The chain con- 
tained an initial perceptual-orienting response 
(looking to the left or right), followed in order 
by a mediational reaction and a terminal 
choice response (pressing one of two keys). 
A light signal, following the correct. choice, 
had served as the reinforcement for the entire 
chain. 

The results of a previous study (Kendler, 
Glucksberg, & Keston, 1961) suggested that 
the perceptual and mediational segments were 
relatively. independent, that is, the media- 
tional response was not strongly ted 
with the cues resulting from the orienting 
response but instead was connected primarily 
to the geometrical designs that had to be 
classified. If this analysis is correct, a series 
of nonreinforcement: should have different 
effects depending on whether or not the 
perceptual-orienting response led to the 
appearance of the geometrical designs. If it 
did, the superiority of a reversal shift over a 
nonreversal shift should be reduced or 
eliminated because the mediational response, 
presumably responsible for this superiority 
(Kendler & Kendler, 1962), would be weak- 
ened by the nonreinforcements. On the other 
hand if the perceptual-orienting response did 
not lead to the appearance of the geometrical 
design, no opportunity for the extinction of 
the mediational response would occur. Under 
such conditions the superiority of a reversal 
over a nonreversal shift should be maintained. 
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ng Ss it was. Ss who had not been 
stomary superiority of à reversal 
r Ss did not, presumably because 
extinguished. 


Method.— The experimental procedure was 
essentially similar to that used by Kendler 
etal. (1961). The S sat close toa translucent 
screen. through which were projected for 5 
msec. two geometrical figures, one at each 
i The S had to learn to pay attention to 
the set of figures on one side only and sort 
them into one of two categories represented by 
two response keys. The major procedural 
modification instituted in the present study 
was a series of interpolated nonreinforced 
trials (a light indicating a correct choice 
never flashed on) between the learning of the 
two successive concepts. After learning the 
first concept all Ss (a total of 48 students from 
an introductory psychology course) received 
10 trials in which no reinforcement was forth- 
coming regardless of their response. For half 
of the Ss (PE) a blank slide was projected on 
the screen. When S looked to one side he 
would see no geometrical figure and therefore 
it was assumed that the perceptual-orienting 
segment of the previously succe sful chain 
weakened through | nonreinforcement, 
The remaining half of the Ss (ME) were 
exposed to the same set of geometrical designs 
which they categorized during the learning 
of the initial concept. Since no reinforcement 
obtained for their choice behavior, 
presumably their mediational response, as 
well as their orienting response, was being 
extinguished. Half of the PE and ME Ss 
received a reversal shift (R) following the 
interpolated trials while the other half were 
given a nonreversal shift (NR). 

The relevant stimulus figure remained on 
the same side of the screen before and after the 
shift. Any S who failed to respond during one 
of the 10 interpolated trials was reminded to 


b 
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TABLE 1 


S! F TRIALS 
EAN AND MEDIAN NUMBER O 
5 10 LEARN SECOND CONCEPT 


Group M SD Mdn Range 
IR 8.8 11.3 2.5 1-43 
PENR 31.2 37.3 19.5 Is 
ME:R 19.2 16.5 18.0 Cv] 
ME:NR 23.1 34.4 11.0 -128 
Re 4.7 4.9 2.5 1-18 
NR* 41.4 46.0 17.5 3-128 


* Data from Kendler et al. (1961). 


press one of the two response keys during 
trial. 

oe Resale and discussion.—The four groups 
did not differ significantly in the speed in 
which they learned the first concept. Table 1 
reports the learning scores for the second 
(postshift) concept. Results of equivalent 
reversal and nonreversal groups without inter- 
polated trials (Kendler et al., 1961) are in- 
cluded in the lower two lines. 

The data are consistent with the expecta- 
tion that failing to reinforce the perceptual- 
orienting response in the absence of the stimuli 
that evoke mediational responses would not 
disturb the commonly observed superiority 
of a reversal over a nonreversal shift. 'The 
difference between the performance of Groups 
PE:R and PE:NR was significant in the 
direction predicted at the -025 level (Mann & 
Whitney, 1947). In contrast there was no 
significant difference between the reversal and 
nonreversal shifts when the mediational ex- 
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AS A FUNCTION OF S-R SIMILARITY? 


SUPPLEMENTARY REPORTS 


tinction procedure was used, that is, between 
Groups ME:R and ME: NR. ps 

À comparison of the present results. with 
those of Ss who performed without inter- 
polated nonreinforcement trials suggests that 
the mediational extinction procedure retards 
a reversal shift while facilitating a nonreversal 
shift, although the differences between Groups 
R and ME:R, and NR and ME:NR failed 
to achieve statistical significance. 

"These results once again demonstrate that 
for human adults the dominant mode of re- 
sponse to the present kind of problem is to 
execute a reversal shift. When the implicit 
response that mediates the reversal shift is 
weakened by nonreinforcements the reversal 
tendency loses its dominant position in the 
response hierarchy. The results also show 
thatan essential segment of a problem-solving 
chain, in this case the perceptual-orienting 
Tesponse, can be weakly integrated with the 
succeeding links of the chain as evidenced by 
the fact that failing to reinforce it does not 


disturb the dominance of a reversal over a 
nonreversal shift. 
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were assigned to one of six groups in the order 


in which they appeared at the laboratory. 
None had served before in a verbal-learning 
experiment. 

Three types of six-pair lists were used: one 
Which the S terms (CVC trigrams) and R 
terms were identical, but with identical terms 
never paired (the Identical or | list); one in 
Which the same nine consonants used in con- 


in 
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TABLE 1 


MEANS AND SIG 


IFICANCE TESTS DURING TRAINING, R-S RE 


CALL, AND S-TERM RECALL 


SR Training nit R-S Recall Sep 
Group — —— Errors 
Correct | Inven. | Omis. Substi.* Correct | Inven. | Omis. | Substi. | Correct 
EE So] |a jum 
$42 | 59.90 208 r3 um eee 2.92 
EET A Aigle Dise | loge | 91 | 270 | 2.81088 


sed on Mann-Whitney test. 
Ms non-R-S substitutions. 
.05. 


structing the R terms were used for the S 
terms (the Similar or S list) ; and one in which 
the nine consonants used with the S terms 
differed from those for the R terms (the dis- 
similar or D list). No two S terms of a list 
began with the same letter or ended with the 
same letter. The same was true for R terms. 
For S terms and R terms, each of the five 
vowels and Y were used as middle letters. 

Two sets of I, S, and D lists were con- 
structed, The three lists of a set used the 
same R terms. The association values 
(Archer, 1960) of the six lists were approxi- 
mately equivalent. 

S-term similarity was the same for all six 
lists; so was R-term similarity. Only S-R 
similarity varied, the I and S lists differing in 
the number of terms (6 vs. 0) which were both 
S and R terms and thus in the number of 
different terms used in the list (6 vs. 12); the 
cee i groups differing in the number of 
em 's (6 vs. 18) shared by Sand R terms and 

us in the number of different letters used in 
the list (24 vs. 15). 

Each S was exposed to one of the lists for 
21 trials, Each of the 21 pairing trials was 
followed by a test trial. On pairing trials 
each of the six pairs was presented; on test 
trials each of the S terms was presented alone, 
S's task being to spell out the R term. A 
2-sec. rate was used on pairing and test trials. 
The intertrial interval was 4 sec. Three dif- 
ferent pairing orders and three different test 
orders were used to reduce the likelihood that 
serial position would serve asa cue. For each 
of the three lists with the same set of R terms, 
the sequence of R terms for the three pairing- 
trial orders, and of their correct emission on 
the three test-trial orders was the same. 

After the twenty-first test, each 5 was 
given an R-S test. Each R term was pre- 
sented for 2 sec., and .S was instructed to give 
its S term. S-term recall followed for the S 


The S was given 45 sec. to call 
ould remember. 
ach de- 


Results 
jdm. ved as the 
pendent variable when Set A served as t 


R terms were substantially the same as those 
for the lists with Set B as R terms, the data for 
the two replications of each treatment have 
been combined. The means for each depend- 
ent variable are given in Table 1. 

t tests, or where variance was hetero- 
geneous, Mann-Whitney tests were done. 
Separate tests were used to compare the S 
group with the I and the D groups on each 
variable. The results of these tests are pre- 
sented in Table 1. 

'The S group made more correct responses 
during paired-associate training than the I 
group (p < .01), and fewer substitution error 
(p <.01). There were no differences ($> - 

i issions or inventions. P 
™ The naber of substitutions which vae 
R-S errors was determined for the I group ) y 
counting the number of times each term "e 
given as a response to the term for whic’ it 
was the stimulus (e.g., ZAF-HUX was one pair, 
GIM-ZAF another. An R-S error was counted 
if S gave GIM instead of Hux when ZAF was 
presented). The extent to which the same 
substitutions (e.g., GIM instead of HUX) oc- 
curred in the S group was also determined. 
The Ss in the I group made more of these 
errors (p < .01), and these formed a higher 
percentage of their substitutions than in the 
S group. The I group also made more non- 
R-S substitutions (p < .05) than the S group. 

Eight of the S group and five of the I group 
gave each of the R terms at least once during 
training, x? (1) = .94, p > .05. Associative 
learning was studied by determining for each 
S the number of pairs for which the first time 
he gave an R term he gave it to its S term. 
The number of Ss in each group who gave the 
R term correctly the first time for more than 


and D groups. 
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half the R terms given was counted. There 
were 6 in the I group and 15 in the S group, 
x? (1) = 6.86, p < .01. On the R-S test, the 
only difference between the two groups was 
in substitutions; the [ group made more 
(p < .01). 

The D group made more correct responses 
during paired-associate training than the S 
group (p < .01) but fewer inventions (p < .05) 
and omissions (p < .01). No differences were 
observed in substitutions (p > .05). Fifteen 
of the D group gave each of the R terms at 
least once during training, and only 8 of the 
S group x? (1) = 4.08, p «05. Eighteen of 
the D group and 15 of the S group gave more 
than half the R terms correctly the first time 
they gave them, x? (1) = .88, p > .05. 

On the R-S test, the D group made more 
correct responses (p < .05) than the S group. 
There were no differences in omissions, in- 
ventions, or substitutions (p > .05). The D 
group made more correct responses in S-term 
recall (p < .01). 

Discussion.—When the same item served 
as both an S and R term, learning was slower 
than when it served as one or the other. This 
replicates previous findings (Umemoto & Hil- 
gard, 1961; Young, 1961). Substitutions, 
both R-S and others increased suggesting that 
the increased interference was not just a 
function of R-S associations. The increase in 
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substitutions may have been partly due to 
S's failure to discriminate between S and R 
terms early during training (Umemoto X 
Hilgard, 1961). . 

The comparison of S and D groups in- 
dicated that paired-associate learning and 
R-S recall are inversely related to number of 
letters shared between S and R terms. This 
accords with findings from experiments in 
which formal similarity has been varied 
among S terms or R terms (Feldman & Under- 
wood, 1957; Horowitz, 1962; Newman & 
Buckhout, 1962) or between them ( Young, 
1961). Paired-associate learning appears to 
be inversely related to the number of elements 
(items or letters) shared between S and R 
terms. 
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TRANSFER FROM SERIAL TO PAIRED-ASSOCIATE LEARNING ! 


ROBERT K. YOUNG asp MICHAEL CASEY 


University of Texas 


Transfer from a serial to a paired-associate (PA) list was inves 


ated. 


In the experimental condition both serial and PA lists contained the 


same items, arranged in the same order. 


same PA list was 
If associations are formed bet 
mental PA list should be | 
between the learning 
present ex 
item assoc’ 


. Horowitz and Izaw 
investigated transfer 
associate (PA) learn 
associative relationsh 
employed in the lists, 


a (1963) have recently 
from serial to paired- 
ing às a function of 
1ps among the items 


- In their experiment, 
! The present study w; š 

grant from the Graduate Scho] of dpi part by a 
of Texas. e University 


In the control condition the 


preceded by a serial list composed of different items. 
ween the items of a serial list, the experi- 
earned faster than its control. 
of the 2 PA lists were obtained. 


periment were interpreted as being unfavorable to an inter- 
lation theory of serial learning. 


No differences 
The results of the 


the arrangement of items in the serial list was 


identical to the arrangement of the same items 
in the subsequent PA list. Varying amounts 
of positive transfer were obtained in the 
various conditions of their experiment, The 
transfer measure used was based on a com- 
Parison of the learning of the PA list preceded 


p 


| 
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by the serial list with the learning of the same 
PA list zot preceded by the serial list. 

Young (1961) has assumed that if associa- 
tions are formed between the adjacent items 
of a serial list, positive transfer should be 
obtained in the learning of a subsequent PA 
list, the pairs of which are formed of adjacent 
items from the serial list. The finding of 
Positive transfer by Horowitz and lzawa 
would appear to be strong evidence for a 
theory Which holds that associations are 
formed between items in a serial list. 

The results of the Horowitz and Izawa ex- 
periment do not, however, permit an un- 
ambiguous interpretation. The transfer 
measure used was based on a comparison of 
à group which had previously learned a serial 
list with one which had not. The obtained 
transfer might be a function of interitem 
associations formed during serial learning, or 
it might be the result of differential practice. 
Since either of these would be expected to 
produce positive transfer, the obtained 
transfer cannot be conclu ely attributed to 
the formation of interitem associations. 

The present experiment i designed to 
control for differential practice effects in the 
investigation of transfer from serial to PA 
learning. To control for the possibility that 
Young's (1961) failure to obtain positive 
transfer in a similar experiment was due to the 
use of a select group of adjectives, the items 
used in the present study were taken from the 
condition of the Horowitz and Izawa experi- 
ment which yielded the greatest positive 
transfer. 

Method—Two 10-item serial lists were 
constructed, with the first item of each serving 
as the anticipation symbol. Two 9-pair 
double-function PA lists were also con- 
structed, one from each of the serial lists. The 
items used in the serial and PA lists as well 
as their orders and pairings were taken from 
the first 20 items of Cond. I of the Horowitz 
and Izawa experiment. As in that experi- 
Ment, each item in the PA lists (except the 
first and last) served as the stimulus in one 
pair and as the response in another. 

A total of 48 Ss, randomly selected from 
introductory psychology classes, was divided 
Into two groups. The first group learned one 
Serial list and the second learned the other 
serial list. Each group was then subdivided, 
cach half learning one of the two PA lists. 
Phree Es were used yielding a 2X2X3 
factorial design (N=4 per cell). 

All lists Were learned by the anticipation 
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method to a criterion of one perfect recitation, 
Approximately 5 min. separated the learning 
of the serial and PA lists to permit changing 
lists and giving PA instructions. The serial 
list was presented at a 2-sec. rate with a 6-sec. 
intertrial interval and the PA list was pre- 
sented at a 2:2-sec. rate with a 4-sec. inter- 
trial interval. Both lists were presented on a 
Lafayette memory drum. Three orders of 
presentation of the PA lists were used to 
avoid serial learning. Two Ss were dropped 
because of failure to follow instructions and 
euch was replaced by the next S to appear. 

Results and discussion.—The mean num- 
bers of trials to learn the two serial lists were 
found to be 11.63 and 11.71, F (1, 36) « 1.00, 
for List 1 and List L, respectively. The lists 
may be considered to be of equivalent 
difficulty. 

Trials to learn the PA list were also 
analyzed. PA learning following relevant 
serial learning (i.e., ial lists formed of the 
same items as the PA s) did not differ from 
PA learning following irrelevant serial learn- 
ing, F (1, 36) < 1.00. The difference was in 
the direction predicted by the associative 
hypothesis, the mean numbers of trials to 
learn the PA list following relevant and ir- 
relevant serial learning being 23.71 and 25.21, 
respectively. 

Learning of individual items in the PA 
list as a function of position held in the 
previous serial list was also analyzed. In 
contrast to previous experiments (Young, 
1961, 1962), no differences were observed for 
individual items in the PA list as a function 
of prior relevant or irrelevant serial learning. 

The results of the present study do not 
support a theory of interitem associations 
formed during serial learning. They do 
replicate the results of previous investigations 
of transfer from serial to PA learning (Young, 
1961, 1962). The present results also suggest 
that the positive transfer observed by Horo- 
witz and Izawa may have resulted from 
practice effects. Their results, therefore, can- 
not be taken as unambiguously supporting an 
interitem association theory of serial learning, 
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SPEED VERSUS MINIMUM-CHOICE INSTRUCTIONS 


IN CONCEPT ATTAINMENT 


PATRICK R. LAUGHLIN 


Northwestern Unizersity 


To remove ambiguity in the instructions in previous concept-attain- 
ment research, 2 groups each containing 16 college students solved 5 
concept-attainment problems. A speed group was instructed to attain 
the concepts as quickly as possible, regardless of number of card choices ; 
a minimum-choice group was instructed to attain the concepts in as 


few choices as possible, regardless of time. 
in number of card choices, while the speed 


significantly faster. 


In a series of experiments Bruner, Good- 
now, and Austin (1956) studied selection 
strategies in concept attainment. These ex- 
periments involved "efficiency instructions," 
in which S was instructed “to arrive at the 
concept as efficiently as possible [p. 83]." It 
would seem that these instructions could be 
interpreted by S as to attain the concept 
(a) in as few choices as possible, regardless of 
time, (b) as quickly as possible, regardless of 
number of choices, (c) some undetermined 
weighting of both. The present study ex- 
plicitly separated these possible interpreta- 
tions through the instructions given to S. 

Method.—The procedure of Bruner, Good- 
now, and Austin (1956) was followed with 
geometric form problems of six attributes and 
two values of each. One group of male 
college students (N = 16) was instructed to 
attain the concept in as few choices as pos- 
sible, regardless of time; a second group 
(N = 16) was instructed to attain the concept 
as quickly as possible, regardless of the 
number of card choices. The Ss were ran- 
domly assigned to the two groups. Half of 
the Ss in each group had an ordered problem 
board, in which the position of each card 
varied systematically in relation to the other 
cards (for example, all cards with one border 
were in the top four rows, all cards with two 
borders in the bottom four rows), half a ran- 
domly arranged board, in which the card 
Position did not vary systematically. Five 
problems, having one, two, three, two, and 


The 2 groups did not differ 
group attained the concepts 


one relevant attributes, respectively, were 
used for all Ss. 

Results and discussion.—The mean number 
of card choices to solution for the five prob- 
lems combined was 41.12 for the minimum- 
choice group and 44.75 for the speed group, 
with SDs of 14.12 and 16.23, respectively. 
An overall analysis of variance showed no 
significant difference in number of card 
choices (F <1). The mean time to solution 
for the five problems combined was 20.18 
min. for the minimum-choice group and 11.01 
min. for the speed group, with SDs of 10.60 and 
4.72, respectively. Overall analysis of vari- 
ance showed a significant difference in favor 
of the speed group in time to solution, 
F (1,30) = 9.38, p <,005. There were no 
differences for the ordered vs. random prob- 
lem boards. 

These results indicate that minimum- 
choice and speed instructions should be ex- 
plicitly differentiated in future concept-attain- 
ment research. They would further seem to 
indicate a motivational effect of speed in- 
structions on performance, since the two 
groups differed in speed of solution but not in 
accuracy or efficiency as measured by the 
number of card choices. 
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THE NEW LDR SWITCH 


that provides transient free audio switching with the 
lowest distortion ever offered. 
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THE NEW MODEL GB TACHISTOSCOPE 


All new with many improvements over the world famous 
model GA. 3-channel. Color corrected optical system. 
Direct drive lamp circuits. Many other unique fea- 
tures. 
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THE NEW REED-RELAY SHOCK SCRAMBLER 


Absolutely truly random shock scrambler with low 
power consumption and high reliability. 
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